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NOTICE

The contents of this report reflect the
lviews of the Office of Transportation.
Laboratory which is responsible for the
facts and the accuracy of.the data pre-
sented herein. The contents do not
necessarily reflect the official views
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This report does not constitute a

standard, specification, or regulation.
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CONVERSION FACTORS

English to Metric System {SI) of Measurement

Quanity English unit Multiply by To get metric equivalent

Length inches {in}or(") 25,40 millimetres (mm)

] .02540 metres (m)
feet (ft)or{*) .3048 metres (m}
miles (mi) 1.609 ' kilometres (km)

Area ‘ square inches (in2} 6.432 x lO"4 sguare metres (mz)
square feet (ft?) .09290 square metres (m2)
acres 4047 hectares [(ha)

Volume gallons {gal} 3.785 litres (1)
cubic feet {ft3; .02832 *  cubic metres (m3)
cubic yards (ydJ) . 7646 cubic metres {m°}

Volume/Time

(Flow} cubic feet_per :
gecond (£t3/s) 28.317 litres per second (1/s}
gallons per
minute (gal/min) 06309 ~ litres pexr second (1/s)

Mass pounds (1lb) 4536 kilograms (kg)

Velocity miles per hour{mph) +4470 meties per second (m/s}

feet per second(fps) .3048 metres per second (m/s)

Acceieration feet per second . .
squared (ft/s?) +3048 metres per second
squared (m/s2)

acceleration due to :
force of gravity(G) o,g07 °  metres per second
squared (m/s52)

Weight pounds per cuble

Dengity {(1b/£e3) i6.02 " kilegrams pef cubig
metre (kg/m?)
Force pounds {1lba) 4.448 newtons (N}
kips (1000 1ba) 4448
newtong (N}
Thermal British thermal
Energy unit (BTU) 1055 joules (J)
Mechanical foot=poundg {ft-1b} 1,356 joulea {J)
Energy . foot~kips (£t=k) 1356 joules (J)
Banding Moment inch-pounds(ft=lla) <1130 newton-metres (Nm)
or Torque foot~pounds(fe-lbs) 1,356 newton-metres (Nm)
Pressura pouhds per egquara .
ineh (psi) 6895 pascals (Pa)
pounds per squarae
foot {psf) 47.88 pascals (Pa)
Stress kips pet uquarut
Intenait ineh sguare rod .
; Y inch (251 Jin) 1.6988 maga pascals Jictre (MP2 /W) .

pbundu por square
inch aguare rodot

iach (pai /Tn) 1,0988 . xilo pascals /Metre {KPa /i)
Plane Angle degreas (°) 0.0175 radians (rad)
Temperature degrees EF - 32 deqrees celsius {°C)
fahrenheit (F) 1.8 ¢ g
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1. INTRODUCTION

1.1 Problem:

Slow moving or parked trucks used to shadow or shield
maintenance activities on a high speed highway pose a
special safety problem. Even though signs, flashing
lights, and traffic cones are carefully placed to warn
the public, inattentive motorists occasionally still
crash into the backs of the trucks. This problem has
increased and accidents have resulted in the deaths of
Caltrans maintenance workers.

Caltrans is taking a number of corrective steps to mitigate
this traffic problem, One measure taken was to order truck
mounted attenuators (TMA's) for all vu1nerab1e trucks in

- 1979. A TMA is a compact crash cushion which is suspended
from the back of the truck. It is similar in concépt to
those placed in front of fixed objects at freeway of framps.
The purpose of the TMA is to reduce damage to both the
impacting vehicle and the maintenance truck and,_part1cu1ar1y,
to lessen the severity of injuries to passengers of either
vehicle. ' :

After studying the four types of TMA in 1979 which are
currently in use in the United States, the Caltrans Office

of Maintenance selected one manufactured by Energy Absorption
Systems, Inc. (EAS). This type absorbs energy from cars

by the crushing of many Vermicu1ite concrete cylinders

which are placed in specific patterns inside the TMA,

Although there was some crash test and field experience

on this design, it was decided that additional crash tests
were needed to learn its full capabilities.



'JEZ 0bJect1Vés"

The Ca]trans Office of Equipment was responsible for out-
f1tt1nq trucks with the new TMA's, They instigated th1s
research, which consisted mainly of six vehicle crash
tests, with the fo]iowing“objectives in mind:

¢ To‘measuke"ihe difference in roll ahead distance between

" a truck with a TMA having all wheels braked and one
hav1ng onTy ‘the rear whee1s braked when struck by 4500 1b
cars. ‘ ~

* To measure the differenée in roll ahead distance between
trucks with TMA's that are struck by a 4500 1b car, a
2250 Tb'car, and a 1900 1b car,

* To determiné the amount of vehicle damage and the vehicle
decelerations for the above tests as a measure of TMA
effectiveness. B

% To compare the above tests with one in which a 4500 1b
car strikes the truck and TMA at an angle of 15° and
with the car and truck centerlines offset 3 ft-0 in.
from each other,

" * To compare all the tests with one in which a 4500 1b car
strikes ‘a truck without a TMA,

* To determingé the optimum size and weight of truck to be
used with a .TMA.

The rol1 ahead distances are needed to set standards for
the distances maintenance men or slow moving maintenance
equipment can work safely in front of parked or slow moving



maintenance shadow trucks. Vehicle decelerations are a
gauge of vehicle passenger safety. Since few crash tests
have been conducted on TMA's of any type, this series of
tests also will serve as a basis for comparison with tests
on future TMA designs.

This project marks the first time Caltrans has conducted

a crash test with a car weighing less than 1940 1bs.
Recently, FHWA has encouraged tests with 1700-1800 1b cars
due to their rapid growth in the car population. A1l tests
were conducted in accordance with Transportation Research
Circular No. 191 (1)* where possible,.

1.3 Background

A brief description of the four known existing types of
TMA follows. ‘

‘The first TMA was developed and tested at the Texas Trans-
portation Institute (TTI) in 1972. 1t consists of an array
of empty 55 gallon steel drums, like those used in highway
crash cushions. The drums are mounted on a simple one
axle traiier. The TMA is rigidly attached to the back of
the truck and extends about 20 ft behind it. It haS'beén
tested successfully by a car impacting it at 60 mbh (g).

A variation of the Texas design was first used in Ontario,
Canada in 1975 (3). It performed well in two accidents.
The Tong length of these TMA trailers makes them cumbersome
to tow. There was further concern that the rigid TMA to
truck connection could result in weld fatigue and excessive
tire wear. |

*Numbers in parenthesis refer to a reference I1st at the
end of this report.



Transpo-Safety, Iﬁg. of NewfRoche11e, New York manufac-
- tures a TMA called Cushion Safe. It consists of a cluster
of water-filled, tubular vinyl cells which expell water
through small holes in the top of the cells, and thus
. absorb energy,'during impacts. This unit has serious
‘disadvantages due to its heavy weight and shallow collapse
depth. The entire unit hangs from and projects only about
28 inches beyond the back of the truck. Except for impacts
at low speeds, decelerations would be too high for the '
safety of passengers. No rigorous crash testing has been
performed on this unit. :

The University of Connecticﬁt developed a TMA using a row

of vertical steel pipe sections mounted on a stiding frame
support. Four two-foot qiaheter by 34-inch high sections

of pipe with wall thicknesses of 1/4 inch and 3/8 inch are
used. Impacting vehicles strike an aluminum plate assembly
at the back of the TMA which travels forward, successively
crushing the four pipe sections. Maximum possible collapse
distance for the TMA is about 8 fi- 0 in.; the TMA is hung
from and projects back a tota1 of 9 ft-3 in, from the rear
of the truck. In a series of four crash tests in the fall
of 1976 at Calspan this design performed effectively (g,g).
Results of the tésts are included in tables in this report

. for comparison.. TﬁiS‘design was also rejected by Caltrans
because of excessiVé wéight and minimal ground clearance.

A heavy TMA reduces the payltoad that a truck can carry
while also serving as a protective "barrier". (Subsequently
the University of Connect1cut reduced the weight of the
atuminum 1mpact1ng p]ate assembly from 430 to 278 1bs.

Two crash tests were conducted by TTI in 1978 (6). The



Caltrans researchers learned of the report too late to
include results in summary tables. There was improve-
ment in peak acceleration values for a lightweight car
test, but no improvement in 50 ms. average values of
acceleration.)

Energy Absorption Systems, Inc. (EAS) located in West
Sacramento developed the TMA which was selected for testing
and use by Caltrans. This unit was subjected to six crash
tests by the manufacturer in late 1974 and early 1975. For
that series of tests, the Caltrans O0ffice of Equipment
supplied a dump truck on which to mount the TMA. The
Transportation Laboratory observed some of the tests and
took movies and photos of the final test (1). 0Only headon
tests {no angle) with heavy cars were conducted._'It was
concluded at that time that the TMA design was sufficient]y
refined for limited use on a trial basis. It was also.
recommended that tests be conducted with a small car
impacting headon, and a large car impacting offset from

the truck centerline at a later time. Caltrans did
purchase a few units for trial use, but there was a lack
of funds available to buy many units or to continue the
research at that time.

Since that time accidents involving Caltrans maintenance
vehicles have been frequent. 1In 1978 there were 64 acci=-
dents, 43 of which were rear end collisons. In most cases
the Caltrans vehicle was a truck or pickup. The accidents
have included Caltrans vehicles that were moving, were
parked and occupied, and were parked with Ca]tfans workers
in front of their vehicles. A summary of those accidents
is included in Appendix E.



‘Near the time this report was completed, Caltrans re-
searchers learned that Fibco, Inc. has done develop-
mental work and two crash tests at Calspan on a fifth
type of TMA which uses expanded surlyn sheet material
in a quasi-honeycomb structure as the energy absorbing
material (8). Fibco concluded their final design was
acceptable. | |

2. CONCLUSIONS

The follﬁwing‘cohb1usions were based on the results of

six 45 mph paSsEnger car impact tests into the back ends
of dump trucks weighing about 11,700 1bs., five of which
were shielded with truck mounted attenuators (TMA). The
test results were Judged in comparison with the appraisal
standards in Transportat1on Research Circular No. 191 (l),
and with the results of five other similar tests conducted
by other agenc1es. The three appraisal factors used to
judge results were ‘structural integrity, impact severity,
and vehicle t?ajébtory. |

2.1 Structural Integrity

1. A]though damage to the impacting passenger car
front ends was severe in a11 TMA tests, there was virtually
no co]]apse or intrusion of the passenger compartment by
vehicle or TMA-components.* In the control test with no
TMA the front end crush of the car was much more severe
and there was s11ght intrusion of the car passenger com-
partment which wou]d have 1ncreased at speeds over 45 mph.



2. There was slight damage to the rear end of the
truck in only one test where the TMA was employed, whereas
the truck in the control test with no TMA incurred moderate
damage.

3. Most or all of the vermiculite concrete cells
inside the TMA were effectively crushed in all tests.
Debris from the crushed cells and plywood enclosure was
minimal and stayed close to the area of impact,

4, It is doubtful whether the more flexible steel
grid support under the TMA, used for all tests after Test
374, was helpful in reducing car accelerations.

5. There was practically no damage to the steel
backup frame and mounting controls cn the TMA in all tests.

6. In all tests the car had small values of pitch,
roll, and yaw; hence, the pentration of the car into the
TMA was controlled, and there was no - instability of'the
car or truck. '

2.2 Impact Severity

1. The impacting passenger car acce]eratiohs in the
control test with no TMA were unacceptably high: -21.5 g's
compared with-a preferred maximum of -6 to -8 g¢g's and a
permissible maximum of -12 g's. ‘

2. The TMA lowered the car accelerations in the
4500 1b car tests to acceptable values under -12 g's, but
the impact speeds of 45 mph could not have been raised
much without exceeding the -12 g 1imit.



3. Aéqéﬁerations for an 1890 1b and 2140 1b car
were less than the control test value, but were over the
-12 g,]imit; This indicates that unless the TMA design
is revised, it can only meet acceleration standards at
impact speeds less than 45 mph for lightweight and mini-

weight cars.

4, When the TMA was struck offset and at an angle
by a 4500 1b car at 45 mph, the car accelerations remained
tolerable.

5. ' Theoretical values of dummy head relative velocity
when striking the car windshield after two feet of travel
were Fe]ative]y nigh., They indicate that the TMA would be
most beneficial if car passengers were wearing lap belts
and shoulder belts,

6. Truck accelerations were relatively low, in the
2-4 g range, for the TMA tests. These values are not
excessive except for their potential in causing whiplash
or other head injuries to truck drivers and passengers,
if well designed head restraints are not used in truck cabs.

2.3 Vehicle Trajectory

1. The ‘trucks, which were all in second gear and
had some or-all wheels braked, traveled relatively short
distances (2.4 to 13.8 ft) ahead after impact by the
passenger cars at 85 mph. The cars followed closely behind.
This would cause minimal effect on adjacent traffic.

2. The roll ahead distances for the trucks were
relatively small for 45 mph impacts by cars. Caléulations



'

of r011‘ahead distances for other conditions, howevér,
show it would be impractical to rely completely on the
trucks for protection of work crews, considering higher
speed impacts and impacts by trucks and buses.

3. The truck roll ahead distances were less when
all wheels were braked as opposed to having only the rear
wheels braked.

4, Truck roll ahead distances are not affected
significantly by the use of TMA's,

2.4 General

1. The EAS TMA performance was similar to that of
the TMA developed at the University of Connecticut.

2. Considering all the above factors, the TMA is
an effective energy absorbing device for a limited but
useful range of impact conditions. These conditions
inc1ude 4500 1b., passenger cars impacting dumptrucks with
TMA*'s (gross weight 13,000 1bs. maximum), parked in gear
and braked, at speeds of 45 mph or Tless, and 2250 1b.
(1ightwéight) cars and 1900 1b. (miniweight) cars impact-
ing at speeds somewhat less than 45 mph. The impact speed
could be higher for all size cars if the truck were a) not
in gear and not braked b) moving or c) lighter weight;
however, these changes would all increase thé truck roll
ahead distance. Any other improvements in impact severity
would necessitate Tengthening the TMA and softening some
of the energy absorbing cartridges. It is difficuit to
calculate 1imiting values for these changed conditions.



3. RECOMMENDATIONS

1.  The TMA should be installed on slow moving or parked
Caltrans trucks and heavy maintenance vehicles that are
susceptible to rear end impacts.

2. Users of the TMA and their supervisors should be care-
fully informed about the capabilities and the limitations
of the TMA.

3. The new research study to develop a Tightweight THMA .
by the 0ffice of Equipment which is just getting underway
should focus on improved performance for lightweight and
miniweight cars impacting the TMA.

4. The Office of Equipment should continue with their
plans to develop and test a head restraint for use in
truck cabs. '

5. The operdtiona] and impact performance of the TMA's
in use should be monitored for a period of at least three

years.

6. Dump trucks mounted with TMA's should carry little,
if any, payload because added truck weight will tend to
increase impacting car deceleration levels.

4. .IMPLEMENTATION

The Office of Equipment has purchased 80 TMA's and will be
installing them on trucks in 1980. The Office of Maintenance
will be the principal user of the TMA's.

10



5., TECHNICAL DISCUSSION

5.1 Test Conditions

5.1.1 Test Facility

A1l six vehicular impact tests on the TMA were conducted at
the Caltrans Dynamic Test Fécility in Bryte, California near
Sacramento. The tests took place on a flat asphalt concrete
paved surface. The weather was clear, hot and dry for all
tests.

5.1.2 Truck Mounted Attenuator Design

The TMA for the tests in this project weighed about 1400
1bs. and is shown in Figures 1-«4. Following is a discus-
sion of the various components and the changes made in
them. Most of the components of the TMA were unchanged
for these tests.

Plywood Box and Vermiculite Concrete Cells. The crush-
able vermiculite concrete cells are the energy absorbing
component of the TMA. Figure 2 shows the composition of
each cell. These cells are the same as those used in the
Hi-Dri and G-R-E-A-T highway crash cushions. Reference 9
describes some tests on those cells. For TMA's the cells
are mounted in plywood cartridges (Figure 2) eight feet wide
by two feet high by two feet deep. Three cartridges were
connected in series to form the six-foot-deep TMA. Each
cartridge (A, B, and C) had a different layout and number
of cells (A-24, B-28, and C-32). The cartridge with the
smallest number of cells was p]éced to the rear (impact

11
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end) to provide a softer initial impact for lightweight
cars. More cells in the cartridge near the steel backup
frame were needed to progressively stiffen up the TMA for
high speed impacts by heavier cars. The cells were glued
at each end to the plywood and also supported by one-inch-
thick expanded polystyrene cradles. This was done to
prevent the cells from breaking loose after extended
vibration on the highway and falling down to the hottom
of the box. In 311 tests with the TMA, the ABC arrange-
ment of cartridges was used, Other cartridges patterns
could be obtained from the manufacturer.

" The plywood covering is stép]ed together. The cartridges
areé jbined with flat sheet metal straps that are attached
to the plywood wifh a copious number of 1-inch screws.
Flat exterior paint was used to protect the plywood from
the weather on the test units. Units ordered for field
use in the future will have a high gloss exterior-type
yellow paint coating.

Steel Backup Frame

The vertical steel backup frame is next to the front TMA
cartridge. It forms a stFOng plane of reaction against
which the TMA cartridges can be crushed and is not expected
to deform except in severe, high speed impacts. The pintle
hook attdthment ﬁ]ates, front hand cranked tubular stands,
and other brackets are attached to the backup frame.

Steel Grid Support
A steel grid support framework is attached to the steel

backup frame to provide vertical support for the TMA cart-
ridges. It was intended that this framework should buckle
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forward while the TMA cartridges were being crushed.

Figure 3 shows the original design used for Tests 372-374
and a more flexible design used for the remaining tests.
This Tatter design is now the 'standard. Diagonal cables

on the sides of the TMA span between the steel grid support
and other steel plates, to stiffen the TMA assembly.

The TMA cartridges, steel backup frame, steel grid support,
and diagonal cables were all supplied assembled by EAS.
FoT]owing is a description of the components designed by
the Caltrans Office of Equipment that were needed to

attach the TMA to the truck and to manipulate it. The
complete drawings for this State furnished hardware are
contained in Appendix D.

Hand Cranked Tubular Stands

Four hand cranked tubular stands can be Towered to support
the TMA above ground at truck mounting height when the TMA
is stored off the truck in a maintenance yard. Two stands
are attached to the front side of the backup frame, and
two stands are .mounted on the side of the TMA near the
rearward third point of length.

Originally the front two stands were electrically powered;
this type was used for all the crash tests. -It was found,
however, that there were problems with the powered system,
and it was decided they would not be needed often enough
to warrant their use. A1l the drawings in this report
show hand cranked stands which are being ordered for use
with the TMA's being purchased by the State. The change
to hand cranked stands in front should have UO'effect

on the impact berfokmahce of the TMA.
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The two rear stands on the sides of the TMA will normally
be oriented 1in arhorizonta1ldirection but can be rotated
90° when the stands are lowered to support the TMA. On
the test units, these rear stands were set permanently

in a vertical position. =

Pintle Hbok Attachments

Four pintle hooks are set in a rectangular pattern to make

the attachment between the TMA steel backup frame and the

back of the truck. A long horizontal rod in front of the

backup frame with a lever on each side of the TMA is used

manually to release the bottom two pint1e hooks. A similar

rod gnd levers are provided to release the upper two pintle
hooks.

Hydraulic Lifting'Rams

The two hydraulic 7Tifting rams extend down diagonally from
the frame of the truck under the dump body to the two lower
pintle hooks. In addition to supporting the TMA, the rams
can be extended. xThis causes the entire TMA to rotate
about the pins in the two upper pintle hooks and raises the
lower rear corners of the TMA from 14 inches to 24 inches
above ground. The TMA would be placed in this raised
position when the truck was trave1iﬁg over steep driveways
or other locations with abrupt slope changes where the

TMA might strike the ground. '

Cable and COme-Along

The cable and comé}a]dng on each side of the TMA connects
the top rear corner of the dump body with a steel plate
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on the steel grid support frame where the TMA diagonal
cables are also anchored. They provide additional support,
and the slack can be taken out of the cable with the come-
along. It could also be used manually to raise the TMA
instead of using the hydraulic 1ifting rams. The cabies
and come-alongs were installed for Tests 372-374 and
EAS-1. For Tests 375 and 376 they were eliminated

because it was thought they were redundant with the
hydraulic rams. However, they were replaced on the
contract drawings for the new operational units being
purchased.

5.1.3 Test Yehicles

Following is a list of the passenger cars used for the tests:

Total Steel Plate .

_ Weight Ballast Weight
Test No. Description {(1bs) (1bs)
371 1971 American Motors 4480 o717

- Matador, 4-door Sedan
372 o " . 4400 717
373 ' oo ' 4420 717
374 1972 Ford Pinto Coupe 2140 -0-
*EAS-1 1972 Ford Pinto Coupe 2250 ~0-
375 1970 Plymouth Belvedere, 4360 . 717
d-door Sedan

376 1972 Datsun 1200 Coupe 1890 ~0-

*Test conducted 1naépendent1y by Energy Absorptidn
.Systems, Inc.
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The total weight of the cars includes the weight of the
steel plate ba]iaét, on-board instrumentation (about 160
1bs), and the 165 '1b dummy. The gas tanks were filled
with water for Tests 371-373, and 375.

The steel plate ballast was added in some test vehicles
to achieve vehicle weights in the range specified in TRC
191 (1). The steel plates were bolted securely to the
floorboards and distributed front and back so that the
weight distribution on the front and rear wheels would
not be changed markedly as shown in Figure 5. The steel
plates were slightly below the vertical centey of aqravity
. height above ground of the cars.

A1l of the cars except the Pinto and Datsun were retired
State vehicles. They were all in good running condition
and free of body damage and missing structural parts.

A1though'the Staté'Vehi¢1es were more than the six year
maximum-ége as recomménded in Reference 1, the researchers
believed the use 6f newer vehicles would not have changed
- the test results in any significant way. A11 of the cars
had rear wheel drfve and longitudinal engine mounting.

ATl vehicles were self-propelled. Steering control was
achieved with a straight,ahchored guidance cable running
through a bracket attached ‘to the right front wheel. HNo
constraints were Q]aced on the steering wheel, A short
distance before the point of impact, the vehicle ignition
was turned off, and the car was released from the guidance
~cable. A speed t%ntro1 device on the car maintained the
desired impact speed once it was attained.

Details of the car equipment are contained in Appendix A.
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and 375 '
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Following is a Tist of the trucks used for the tests:

. o ’ Truck Weight*
Test. No. Description = - {1bs)

377 " Ford F750 with 11,600
o ' B 4 cu yd dump body, '
*%xGYW = 25,000 1bs

372,373, 375 376 t ' 11,740
EAS-1 k - -
374 ) f o _ 11,900%%*

*Truck we1ght includes TMA mounting hardware and controls
(Tests 372- -376), but not TMA,

**GVW = Gross vehicle weight capacity, truck loaded.

***In¢1udes:weight of dummy in truck cab used this test onily.

'Twozidenticei trucks wefe used for the test series. The
samé truck was used for ‘Tests 372-376. The trucks were
both ret1red Ca1trans vehicles, in running condition,
free of body ‘damage and missing structural parts, and
unmodified for the tests, except for the TMA mounting
hardware descr1bed in Sect1on 5.1.2.

In each of ﬁhe-sfx passenger car impact tests the truck

was parked_@ith the transmission in second gear. Rather
~than using fhe spring actuated rear wheel parking brakes,

all four brakes were locked by depressing the brake pedal

in Tests 371, 372, 374 and EAS-1. In Tests 373 and 376
~only the rear wheel parking brakes were applied. 1In Test
375 it was intended to use the air brakes for all wheels,

but a leak ééveioped just before the test so the air brakes

were used ofi the front wheels only and the parking brakes

A
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on the beak'whee1s. "The truck engine was run before impact
to build up air pressure in the Brake system reservoir,
Since the trubks were old and had leaky brake systems,

~the truck engine was shut off within five minutes of impact
to insure that there was sufficient air pressure to hold
the brakes. Four wheel braking was used for most of these
tests because the Office of Equipment intended to modify
all trucks that would have TMA's so that they could use
four wheel braking when parked along the roadway.

VTwo'1ightweight steel tube frames with targeting were
cantﬁlevered off the top of the dump body of the truck.
They permitted smaller more detailed fields of view in
the data cameras without sacrificing the means to plot
the truck displacement and velocity.

- 5.1.4 Data Acquisition Systems

Several high speed movie cameras were used to recqrd the
impact events. A normal speed movie camera, a video
camera, and a colored slide camera were used also to
picture the impact and the conditions of the test vehicles
and TMA's before and after the impact. In addition black
and white still photography was used. to cover pre- and
post-impact test conditions. '

Accelerometers were mounted on the floorboard of the car
at the c.g. and 0n the floorboard in the truck cab. Ac-
celeration data were collected to judge impact severity
and the chance of passenger 1njur1es or fatalities.
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An anthrbpomorphié dummy’wi%h accelerometers mounted in
its head cavity was p]acedfjn the driver's seat of the
passenger car to obtain motion and acceleration data.
The dummy, Willie Makit, a Paft 572 dhmmy‘bui1t to con-
form to Federal Motor Vehicle Safety Standards by the
Sierra Engineering'Co., is a 50th percentile American
male weighing 165 1hs. The dummy was restrained with

a standard lap and shoulder belt for all tests except
Test 376 where only the lap belt was used. The dummy
used in the truck cab in Test 374 was Sierra Stan, Model
PY/N 292-850 mahufactured by the Sierra Engineering Co.,
also a 50th percentile male.

A s1iding weight device was attached to the right side of
the car. : Upon impact the weight, fitted with ba11'bearinqs,
slides two feet forward on a smooth rod. This was used to
calculate the rattlespace time, the time required for the
weight to slide fdrwahd two feet. This is another
measure. of impact severity.

Appendices B and C.contain a detailed description of the
photographic;and'é1ectronic.equipment, camera and accel-
erometer Tayout, d%ta collection and reduction techniques,
and aCCelerometer§fecords.




5.1.5"Te3t‘Parameters

Following are thé parameters for the test vehicles:

Tést Cars

Test No. Car Wt.(1bs) Speed (mph} Angle (degrees)

371 4480 ' 45 0° Head-on
372 4400 45 0° Head-on
373 4420. - 45 0° Head-on
374 2140 45 | 0° Head-on
EAS-T** ' 2250 49 0° Head-on
375 - . 4360 45 15°, 3 ft Offset

376 1890 44 0° Head-on ~

Test Trucks

Truck Wt. _
w/o TMA TMA on THMA Brakes
Test No. (1bs) .. Truck Wt.(1bs) Set
371 11,600  No - A1l wheels, air brakes
372 11,740 Yes 1400 All whee}s, air brakes
373 11,740 Yes 1400 Rear wheels, parking brakes
374 - 11,900* . Yes 1400 A1l wheels, air brakes
EAS-71%** 11,740' Yes 1400 ATl wheels, air brakes
375 11,740 Yes 1400 Front wheels, air brakes
- ' Rear wheels, parking brakes

376 11,740 Yes 1400 Rear wheels, parking brakes

*The higher truck weight was due to a dummy in the truck
cab in this test only.

**Impact test conducted by Energy Absorption Systems to
provide supplemental data on revisions to the steel
grid support.
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For all tests the trucks were parked with the transmission
in second gear and hit from the rear. The TMA's were all
identical production units, except for a change in the
steel grid support used in Tests EAS-1 and 375-376,
described elsewhere.

5.2 Test Results

Accelerométer records from the cars, trucks, and head of
the dummy are contained in Appendix C. A film report has
been assembled which shows all six Caltrans tests.

5.2.1 Test 371 Car-4480 1bs/45 mph/0° head-on
Truck-11,600 1bs/all wheels braked/Ho TMA

The summary of test datd and photos of the vehicles before
and after impact are shown in Figures 6 through 8.

5.2.1.1, Impact Description ~.371

The car Struck the truék at the intended speed and angie.
The car was 9 inches off center to the left of the truck
centerline. The front of the car was severely crushed

and compressed against thé undercarriage of the truck
before the truck began to move. Initially, after impact,
the truck bed was forced upward and the rear wheels were
1ifted a few inches off the ground as the truck moved
forward, - During:this time, the rear wheels did not turn
until they made contact with the ground again, The rear
wheels rotated 88°. The front wheels on the truck rotated
during the entire forward movement of the truck, a total of
over 180°. AFter the maximum compression of the front end
of the car occurred, the car appeared to re-extend slightly
~due to the storage of elastic energy. However, the car
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Figure 6. Data Summary Sheet - Test 371

Taest Date June 21, 1979

Truck Mounted Attenuator Data

Type Not used this test.
Size

- Weight
Truck Data
Model Ford F750 Dumptruck
Gross Veh. Wt. Rated 25,000 1b.
Dump Body Capacity & cu. yds.
BraEe Se{tinz Y Air, ATl Wheels
Gear Setting 2nd Gear

Weight (w/o TMA) 11,600 1bs,

Car Data

Model 1971 Amer.Mtrs,Matador Sedan
Impact Velocity 45 mph

Impact Angle 0°

Weight 4,480 1bs.

Dummy Type Part 572, 50th Percentile

Dummy Restraint  Lap, Shoulder Belts

Impact Data

Max. 50ms. Avg. Acceleration, Accelerometers

Car, Longitudinal ~-271.5¢g
Truck, Longitudinal 5.0g
Dummy Head, Resultant (no vert) -39.24q
Avg. Acceleration (VZ/ng)
Car, Passenger Compartment -4,9q
Max. Car Pass.Compart,.Decel.Dist.,s 13.9 ft
- Truck Rol11 Ahead Distance 10.3 ft
Max. Pitch, Car {(Rear End)* -8.0°
Max. Rise, Truck Dump Body Rear 10.0 in.
- TAD/VDI Index, Car FD-7/12FDEW6

" %*Pitch was less at the front end because
the car buckled in the middle.

I + 1.83 Sec
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Figure 8.
Test 371

Test Yehicles
After Impact

Pintle Hook at Rear
End of Truck




was hooked onto tﬁh'truck and traveled with it to a stop.
The truck moved foward a total of 10 ft 4 in. There was
minimal yawing and\pitching of the car during impact.

The maximum 50 millisecond average value of longitudinal
acceleration for the passendger compartment of the car was
-21.5 G's. The comﬁarable value of longitudinal accelera-
tion in the cab of the truck was 5.0 G's.

5.2.1.2 Car Damage - 371

| Démage'td the cariﬁés quite’extensive The front end was
severely crushed a maximum of approximately 19 inches at
a height of 24 inches above ground. The hood was crushed
back a maximum of 37 Jnches. The windshield was broken by
the hood, the radiator was crushed back to the fan, all
four doors were jammed, the roof over the doorposts was
crimped indicating”buckling in the car body as a whole,
the eng1ne moved back slightly, and the tires were re-
_str1cted aga1nst movement. The car could not have been
driven or rolled away from the test sité. The dashboard
and steering column were pushed a short distance into the
pasSenger compartment;'but otherwise there was no intrusion
of vehicle parts.' Buckling in the floorboard damaged one
of the accelerometers. The steel ballast plates remained
‘attached. ' '

5.2.1.3 Trﬁékébamage - 3N

Damage to the truck was relatively light. The rear cross
member, differentﬁal cover, and rear springs were bent.
A rear brake actuator was torn ioose from its location
near the“inside-féce of théireaf tire, and the brake 1lines



were ripped loose. Although the truck could be driven,
there must have been some damage to the drive train
because it did not operate smoothly.

5.2.1.4  Dummy Behavior - 371

Although the dummy was restrained with a lap and shoulder
belt, it received a shdrp blow to the chin when it hit
the steering wheel. The steering wheel was permanently
deformed ‘a maximum of two inches away from its original
plane., Indentations were made at the bottom edge of the
dashboard where the dummy's knees siammed into it.

5.2.2 Test 372 Car-4400 1bs/45 mph/0° head-on

Truck-11,740 1bs/all wheels braked/
plus TMA-1400 1bs

The summary of test data and photos of the vehicles before
and after impact are shown in Figure 9 through 11.

5.2.2.1 Impact Description - 372

The car struck the TMAnon‘the truck at the intended speed
and angle. The TMA crushed readily. The car, being
narrower than the TMA, passed inside the plywood side
panels of the TMA, The three top panels of the TMA were -
more or less stacked as they were thrown against the back
of the truck by the front of the car. They barely tbuched
the windéhié]d of the car at the right front windshield
post for a few instants.

The car crushed through practically the entire 6 ft 0 in.
length of the TMA before the truck began to move., Ultimately,
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Figure 9. Data §ﬁmmary Sheet - Test 372

Test Date July 19, 1979

Truck Mounted Attenuator Data

Type ABC, VYermiculite Concrete Cells
Size 6' long x 8' wide x 2' high
Weight 1,400 1bs.

Truck Data

Model Ford F750 Dumptruck

Gross Veh. Wt. Rate 25,000 1b.

Dump Body Capacity 4 cu. yds.

Brake Setting Air, A1l Wheels

Gear Setting 2nd Gear

Weight (w/o TMA) 11,740 Tbs.

Car Data

Model 1971 Amer.Mtrs.Matador Sedan
Impact Velocgity 45 mph

Impact Angle 0°

Weight 4,400’ 1bs.

Dummy Type Part 572, 50th Percentile

Dummy Restraint Lap, Shoulder Belts

Impact Data

Max. 50ms. Avg. Acceleration, Accelerometers

Car, Longitudinal -9.7q

Truck, Longitudinal 3.5¢g

Dummy Head, Resultant -21.59
Avg. Acceleration (V2/295)

Car, Passenger Compartment -4.99
Max. Car Pass.Compart.Decel.Dist.,s 13.9 ft
Truck Rol1l Ahead Distance 7.9 ft
Max. Pitch, Car -10.0°.
Max. Rise, Truck Dump Body Rear 5.7 1in.
TAD/VYDI Index, Car FD-5/12FDEWS
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Figure 10.
Test 372

Test Vehicles and
TMA Before Impact



Figure 11,
Test 372

Test Vehicles and
TMA After Impact



the truck moved straight ahead 7 ft 11 in. After the car
had smashed through most of the length of the TMA, the
front end of the car began to rise. Concurrently the back
end of the truck rose a short distance. The maximum rise
of the two vehicles occurred midway through the truck move-
ment. The back end of the dump body on the truck rose a
maximum of 5.7 inches. The maximum pitch of the car at
this time was ~-10°, There was virtually no yawing or
rolling of the car which stayed in contact with the truck
‘after impact. Due to the dust generated by the impact
with the TMA, it was difficult to determine how much the
truck wheels moved. It appeared that the left front

wheel turned at least 180° during the truck movement and
one rear-wheel turned 110°.

The maximum 50 millisecond average value of longitudinal
acceleration for the passenger compartment of the car
was ~9.7 G's. The comparable value of longitudinal
acceleration in the cab of the truck was 3.5 G's.

5.2.2.2 Car Damage - 372

Damage to the car was severe but less than in Test 371.
The front end was uniformly crushed back, a maximum of
16 inches at a height of 24 inches above around. The
hood was crushed back a maximum distance of 15 inches
aﬁ a heigh= of 44 inches above ground.

The radiator was crushed back to the fan, the engine did
not move, the windshield was cracked, all four doors were
jammed, the left and right doorposts were deformed, the
roof over the door posts was crimped, and the right front
tire was flat. The car could not have been driven or
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rolled away from the test s1te There was no intrusion of
vehicle parts or barrier components into the passenger
compartment.

5.2.2.3 Truck Damage -372

Truck damage was very light. One brake actuator was broken
by the attenuator support.

5.2.2.4 TMA_Damage - 372

Almost all the energy absorbing capacity of the TMA was
used, Only one or two vermiculite concrete cells were
not crushed. The outer plywood panels on the TMA were
crushed and splintered.

Debris around the 1mpatt area was minimal. Small pieces
of plywood with a maximum long dimension of 1 ft 0 in.
were scattered around the TMA up to 8 feet out from the
truck; however, the number of pieces was few, most pieces
were small, and most were close to thé truck. There was
a thin layer of dust and crumbied vermiculite concrete
around the truck.

The steel support frame under the TMA box was not reusable
but the steel plate backup structure was salvaged, The
TMA sUpports and controls mounted on the back of the truck
incurred light damage. The upper control léver for the
pintle hooks was bent. The upper truck mounting for the
attenuator y1e1ded which caused the backup structure on
the TMA to move downward. This mounting was strengthened
‘with a steel brace for Test 373.
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The TMA was dismantled before measurements of the crush
profile could be taken. '

5.2.2.5 Dummy Behayior - 372

Although the dummy struck its chin on the steering wheel,
the wheel was not bent out of its original plane. The
steering column was fbrced down 3/8 inch at the point
where it goes through the dashboard. The dummy also hit
its-knees on the dash which caused minor cracking of the
thin plastic molding.

5.2.3 Test 373 Car-4420 1bs/45 mph/0° head-cn

Truck-11,740 1bs/rear wheels braked/
plus TMA-1400 1bs

The §ummary of test data and photes of the vehicles after
impact ‘are shown in Figures 12 and 13.

5.2.3.1 Impact Description - 373

The car struck the TMA on the truck at the intended speed
and angle. The TMA crushed easily. The car passed inside
the plywood side panels of the TMA. The hood of the car
nosed under the top plywood panel of the TMA. Eventually
this top panel barely made contact with the windshield
which cracked over a small area near the bottom. Had

the TMA been longer, the top panel might have been more:
damaging to the windshield.

The passenger compartment of the car moved roughiy 6 ft
0 in. ahead after initial impact with the TMA, while the
truck only moved a few inches during attenuator penetration.
The final roll ahead distance for the truck was 13 ft 10 in.
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Test Date August 1, 1979

Truck Mounted Attenudtor Data

Type ABC, Vermiculite Concrete Cells
Size 6' long x 8' wide x 2' high
Weight 1,400 1bs.

Truck Data

Model Ford F750 Dumptruck

Gross Veh. Wt. Rated 25,000 1b:

Dump Body Capacity 4 cu. yds.

Brake Setting Parking br., Rear Wheels
Gear Setting 2nd. Gear

Weight (w/o TMA) 11,740 1bs.

Car Data’

Model 1971 Amer,.Mtrs.,Matador Sedan
Impact Velocity 45 mph

Impact Angle 0°

Weight 4,420 1bs.

Dummy Type Part 572, 50th Percentile

Dummy Restraint Lap, Shoulder Belts

Impact Data

Max., 50ms. Avg. Acceleration, Accelerometers

Car, Longitudinal -10.8qg

Truck, Longitudinal 4,39

Dummy Head, Resultant -18.4g
Avg. Acceleration (VZIZQS)

Car, Passenger Compartment -3.8g9
Max. Car Pass.Compart.Decel.Dist.,s 18.0 ft
Truck Rol1l Ahead Distance 13.8 ft
Max. Pitch, Car -7.8°
Max. Rise, Truck Dump Body Rear 4.4 in.
TAD/VDI Index, Car ' FD-5/12FDEWS

1 + 5.61 Sec
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Test Vehicles and
TMA After Impact




After the car had émashéd through most of the length of

the TMA, the front end of the car began to rise. Con-
currently, the back end of the truck rose a short distance.
The maximum rise of the two vehicles occurred midway
through the truck movement. The back end of the dump

body on the truck rose ﬁ maximum of 4.4 inches. The
maximum pitch of the car at this time was 7.8°. There

was virtually no yawing or rolling of the car which stayed
in contact with the truck after impact. It was difficult
to determine from the test movies how much the truck wheels
‘rotated. The unbraked left front wheel appeared to turn,
rather than skid, all the time the truck was moving.

The braked left rear wheel appeared to rotate during

some of the truck movement, but stopped roétating when

the car forced the rear end of the truck upwards, thus
relieving some of the weight on the rear wheelis. Rear
wheel rotation was measured as 298°.

The maximum 50 millisecond average value of longitudinal
acceleration for the passenger.¢ompaﬁtment of the car was
-10.8 G's. The comparable value of jongitudinal accelera-
~tion in the cab of the truck was 4.3 G's.

5.2.3.2 Gar Damage - 373

Damage to the car was'severe but[1ess‘thﬁn in Test 372 and
much less than in Test 371. The front end.was uniformly
crushied back a waximum of 9 inches_at.a-height of 24 inches
above ground. :The hood was.crushéd back a maximum dis-
tance of 11 inches at a height:df 44 inches above ground.

The front frame members -under the gngine\ﬂe?e bent slightly,
the radiator was crushed back to‘the‘fan{ the engine did
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not move back, the windshield was cracked, all four doors
were jammed, and the roof over the door posts on the Teft
side was crimped slightly. The tires were all intact.
The car could not be driven but it did roll because the
front wheels were not disabled. There was no intrusion
of vehicle parts or barrier components into the passenger
compartment. |

5.2.3.3 Truck Damage - 373

None.

5.2.3.4 TMA Damage - 373

Almost all of the energy absorbing capacity of the TMA

was used up, similar to Test 372. Virtually all the
vermiculite concrete cells were crushed. The outer plywood
panels were crushed and splintered. Debris around the car
and truck was minimal. It consisted of small pieces of
p]ywbod-and a thin layer of the crumbled vermiculite con-
crete which were within a few feet of the vehicles. Most
of the debris ended up between or beneath the vehicles.
The TMA controls on the truck were undamaged and the steel
backup frame on the TMA was reusable, The permanent maxi-
‘mum crush of the TMA varied from 29 to 38 inches from the
bottom to the top of the unit.

5.2.3.5 Dummy Behavior - 373

The dummy struck its chin on the steering wheel but did.
not deform the wheel. The steering column was forced
down 1/2 inch at the point where it goes through the
dashboard. The dummy also hit its knees on the dash
which caused minor cracking of the thin plastic molding.
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7 5.2.4 Test 374 Car-2140 1bs/45 mph/0° head-on
o Truck-11,900 1bs/all wheels braked/
plus TMA-1400 1bs

The summary of. test data and photos of the vehicles before
~and after impact are shown in Figures 14 through 16.

512.4.1 Impact Description - 374

The car struck the TMA on the truck at the intended speed
and angle. The car passed inside the plywood side panels
l_of the TMA, nosed undeﬁheath the top plywood panels on the
- TMA, and forced down the front section of the bottom panel,
The top panels barely grazed the windshield of the car but
did not damage it.

There was little truck'movement while the car was crushing
the TMA. The passenger compartment of the car traveled
over six feet after initial impact while the truck traveled
a few inches. ' Eventually, the truck moved ahead a total
distance of 2 ft 5 in. During this time the left front
wheel of the truck turned Very Tittle while the left rear
wheel rotated 43°, but did not rotate continuously.

Close to the time the car had finished crushing, the front
end began to dive down until the car reached a maximum
pitch of 3, 5°. The rear end of the car rose slightly but
the rear wheels did not appear to lose contact with the
~ground. This vehicle d1v1ng may have been due in part to
the resistance the front wheels of the car felt when they
ran into the Tower steel grid support for the TMA which
bent a few inches but was otherwise unyielding. It
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Figure 14, Data Summary Sheet - Test 374

Test Date August 10, 1979

Truck Mounted Attenuator Data

Type ABC, Vermiculite Concrete Cells
Size 6' Tong x 8" wide x 2° high
Weight 1,400 1bs.
Truck Data
Model Ford F750 Dumptruck
Gross VYeh. Wt. Rated 25,000 1b.
Dump Body Capacity 4 cu. yds.
Brake Setting Air, A1l Wheels
Gear Setting 2nd Gear
Weight (w/o TMA) 11,900 1bs,
Dummy Type Sierra Model P/N 292-850,
L 50th Percentile
I +0.11 Sec Lar Data
Model 1972 Ford Pinto Coupe
Impact Velocity 45 mph
Impact Angle g°
Weight 2,140 1bs,
Dummy Type Part 572, 50th Percentile

Dummy Restraint Lap, Shoulder Belts

Impact Data

Max. 50ms. Avg. Acceleration, Accelerometers

Car, Longitudinal ~-14.0g
Truck, Longitudinal 2.49
Dummy Head, Resultant ~28. 3¢
Avg. Acceleration (Vz/ng)
Car, Passenger Compartment ~-11.1¢g
Max. Car Pass.Compart.Dece].Dist.,s 6.1 ft
Truck Roll Ahead Distance 2.4 ft
I + 0.50 Sec Max. Pitch, Car +3.5°
. Max, Rise, Truck Dump Body Rear 1.1 in.
TAD/VDI Index, Car FD-5/12FDEW5

I + 7.46 Sec
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Figure 16.
Test 374

Test Car and TMA
After Impact

Test Car Damage

Plan View of TMA With

Plywood Cover Removed

Showing Crushed Vermic
ulite Concrete Cells




appeared that the car wheels were too small to climb up
over this framework so the car could continue crushing
the back rows of cells in the TMA,

The dump body of the truck rose 1.1 inches after the
truck began moving. There was virtually no yawing or
rolling of the car which stayed in contact with the TMA
after impact.

The maximum 50:m111isecond average value of longitudinal
“acceleration for the passenger compartment of the car
was -14.0 G's. The comparable value of longitudinal
acceleration in the cab of the truck was 2.4 G's.

5.2.4.2 Car Damage - 374

Damage to the caf was quite severe. The front end was
‘crushed back a maximum of 22 inches (about 12 inches at.
the centerline) at a height of 28 inches above ground.

The radiator was crushed and the engine was moved back
several inches. The windshield was undamaged but the

two doors were'jammed, and the roof over the doorposts
was crimped. A1l tires were intact but they were
restricted from,movement so that the car could not be
driven or rolled away. There was no intrusion of vehicle
or barrier parts into the passenger compartment.

5.2.4.3 Truck Damage - 374

" The only damage to the ;ruck was the broken rear cab
window caused by the dummy.

46



§.2.4.4 TMA Damage - 374 -

Only part of the energy absorbing capacity of the TMA

was used up. The celi-filled box had a permanent maximum
crush that varied from 30 inches at the top to 39 1inches

at the bottom. The steel grid work supporting the box had
a permanent maximum crush of 11 inches. The front steel
bar of this gridwork had two semi-circular indentations
where the car wheels had bent it. There was a small

amount of débfis from the TMA scattered around the impact
area. There was no damage to the TMA controls on the truck
or the TMA steel plate backup structure.

5.2.4.5 Dummy Behavior - 374

The dummy in the car struck its chin on the steering wheel
which deformed the wheel one inch maximum out of its original
plane. The steering column moved down 3/4 inch below the
dash. The dash was dented where the dummy's knees struck it.

The back!of the head of the dummy in the truck struck the
rear window in the cab and broke it. This indicated a
possible problem with whipiash for trUck drivers when hit
from the rear. It should be noted that this occurrence
was not necessarily identical to that of an impact with a
Jive driver. See Discussion in Section 5.3.3.
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5.2.5 Test EAS-1 Car~2250 1bs/49 mph/0° head-on
' Truck 11,740 1bs/all wheels braked/
plus TMA71400 Tbs
(Test conducted by Energy Absorption
Systems, Inc. to duplicate Test 374
‘except that steel grid support under
TMA was weakened, Fig. 3. Not
financed by this research project.)

The summary of test data and photos of the vehicles before
and after impact are shown in Figures 17 through 19.

 (Note: The Transportation Laboratory assumes sole respon-
sibility for the accuracy of the data presented. The results
are not necessar11y all identical to those which may have
been obtained by Energy Absorption Systems, Inc.)

5.5.5.1 Impact Description - EAS-]

The car strﬂckifhe\TMA on the truck at the intended angle.
The impact speed'Wéé 49 hph' higher than the intended
speed of 45 mph The car passed inside the plywood side
pane]s of the TMA and nosed underneath the top plywood
panels on the TMA. Car penetration was deep enough that
the top panels grazed the windshield of the car. The
modified 1ower gr1d stee1 support for the TMA did not
appear to restr1ct forward movement of the car.

There was TittTe truck mbvement‘wh11e the car was crushing
the TMA, The passenger compartment of the car traveled
over six feet after initial impact while the truck traveled
a few inches. ‘Beyond this time the car only moved a few
more inches, but the truck moved a total distance from its
starting point of 3 ft 8 in. The truck wheels had a
combination df}turning and skidding actions. The EAS
report states that logse granular material on their pave-
ment acted similar to ball bearings and caused a stopping
distance longer than on clean pavement.
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Figure 17. Data Summary Sheet - Test EAS-I

Test Date September 12, 1979

Truck Mounted Attenuator Data

Type ABC, Vermiculite Concrete Cells
Size 6' long x 8' wide x 2' high
Weight 1,400 1bs.

Truck Data

Model Ford F750 Dumptruck

Gross Veh. Wt. Rated 25,000 1b.

Dump Body Capacity 4 cu. yds.

Brake Setting Air, A1l Wheels

Gear Setting Znd Gear

Weight (w/o TMA) 11,740 1bs.

Car Data

Model 1972 Ford Pinto Coupe
Impact Velocity 49 mph

Impact Angle g°

Weight 2,250 1b.

Dummy Type None Used

Dummy Restraint - N.A.

Impact Data

Max., 50ms. Avg. Acceleration, Accelego?gters

Car, Longitudinal 29

Truck, Longitudinal *2.29

Dummy Head, Resultant N.A.
Avg. Acceleration (VZ/ZQS)

"~ Car, Passenger Compartment -11.84
Max. Car Pass.Compart.Decel,Dist.,s 6.8 ft
Truck Rol1l Ahead Distance 3.7 ft
Max. Pitch, Car +3.0°
Max. Rise, Truck Dump Body Rear 3.1 in,
TAD/VDI Index, Car FD-5/12FDEUWS

*Reported by Energy Absorption Systems.
Caltrans film data showed accelerations
of ~17.7 and 3.2g's.

I + 1.46 Sec 49



Figure 18.
Test EAS-T

Test Vehicles and
TMA Before Impact

Steel Grid Support
Beneath TMA Showing
Angled Grid Pieces on
Left
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Other motions of the car and truck were slight. The front
end of the car pitched down 3° during impact. The back of
the truck dump body fosé a maximum of 3.1 inches. There

was virtually no jawihg'or rolling of the car during impact.

Accelerometer records from EAS showed that the maximum 50
mi]]iSecond\aierage value of longitudinal acceleration for
the car was -12.2 G's, The comparable value of truck
acceleration was 2.2 G's. (Accelerometer ddta was from EAS
instruhentation. Values given were from the EAS letter
report on the iest.)

Ca]trans film data yielded a longitudinal 50 ms. average
value of acce]erat1on of -17.7 G's. The comparable value
of truck acceleration was 3.2 G's.

5.2.5.2 Car Damage - EAS-1

Damage to the car was quite severe. The front énd was
crushed back a maximum of 24 inches on one side {about

15 inches ‘at the cénterline} at a height of 20 inches

above ‘ground. "~ The radiator was crushed, and thé engine
moved back toward the passenger compartment roughly two
inches. The windshield was cracked by the hood, the doors
were jammed and the roof over the door posts was crimped.
The tires were 1ntact but were restricted from movement so
that the car cou]d not be rolled easily away from its
resting p1ace. Some p]ywodd pieces were embedded in the
crushed front end of the ‘car, but there was no intrusion of
vehic]é or barrier parts into the passenger compartment of
the car. The 1ower'portion of the steering column moved
down enough that it pivoted about a support, thus, breaking
the dash. |

5.2.5.3 Truck Damage - EAS-1

None..
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5,2.5.4 TMA Damage - EAS-]

It appeared that all of the energy absorbing length of the
TMA was used up. A1l vermiculite concrete cells were par-
tially or totally crushed. Permanent maximum crush of the

cell-filled box was 37-39 inches top and bottom; however,

the box components had some rebound after impact. Therefore,
maximum dynamic penetration was greater, The steel grid-
work supporting the TMA box had a perménent maximum crush

of close to 18 inches., As usual there was a small amount

of debris from the TMA scattered around the impact area.

There was no damage to the TMA controls on the truck or

the TMA steel plate backup structure.

5.2.5.5 Dummy Behavior - EAS-1

No dummies were used in the car or truck.

5.2.6 Test 375 Car-4360 1bs/45 mph/15°-3 ft offset
Truck-11,740 1bs/all wheels braked[
plus TMA-1400 1bs '

The summary of test data and photos of the vehicles before
and after impact are shown in Figures 20 through 22.

5.2.6.1 Impact Description - 375

The car struck the TMA on the truck at the intended speed
and'anﬁ]e.' The car nosed underneath the top plywood panels
on the TMA and crushed the TMA on the Jeft side until it
"bottomed out". At that point the right side of the car
overlapped the left back side of the truck a little Tess
than 2 ft 0 in. The top panels of the TMA struck the right
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Figure 20. Data Summary Sheet - Test 375

Test Date November 1, 1979

Truck Mounted Attenuator Data

Type ABC, Vermiculite Concrete Cells
Size 6' long x 8' wide x 2' high
Weight 1,400 1bs.
Impact + 0.02 Sec e
L Truck Data
Model- Ford F750 Dumptruck
Gross Veh. Wt. Rated 25,000 T1b,

Dump Body Capacity 4 cu. yds.
Brake:-Setting F-Air, R-Parking Brakes
Gear Setting 2nd Gear

Weight (w/o TMA) 11,740 1bs.,

Car Data

Model 1970 Plymouth Belvedere Sedan
Impact Velocity - 45 mph

Impact Angle 3'-0" offset, 15°

Weight 4,360 1bs,

Dummy 'Type Part 572, 50th Percentile

Dummy Restraint Lap, Shoulder Belts

&

Impact.Data

Max. 50ms. Avg. Acceleration, Accelerometers

Car, Longitudinal/Lateral -8.89/-2.5g
Truck, Longitudinal/Lateral 2.5g/1.6g
Dummy Head, Resultant -11.2qg

Avg. Acceleration (VZ/ng) .

Car, Passenger Compartment ~2.29
Max. Car Pass.Compart,Decel,.Dist.,s 31.0 ft
Truck Roll Ahead Distance 7.3 ft
Max. Pitch, Car -1.5°
Max. Rise, Truck Dump Bedy Rear 7.3 1in.
TAD/VDI Index, Car FR-6/01FREW5

I + 2.05 Sec
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Figure 21,
Test 375

Test vheicles and TMA

in position before impact
showing 15° angie and
3'-0" offset of car

with TMA.
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frame of the windshield and were forced off to the right
side of the car. The car windshield was broken, and the
right front corner of the car roof buckled slightly.

There was little truck movement while the car was crushing
the TMA. Truck movement was only a few inches ahead by the
time the car had first bottomed out after crushing the TMA..
Eventually the truck moved ahead 7 ft 3 in. The car yawed
clockwise approximately -30°. After the car bottomed out
it forced the left rear side of the truck up 7.3 inches,
imparting a clockwise roll to the truck of 6.5°. The

truck then rolled counterclockwise-7.5°. The car rolled
counterclockwise (to the left) about-9°. The entire left
side of the car was depressed about six inches during the
roil; hence, the pitch of the car was minimal.

The car crushed diagonally back.on the right front end which
acted like a wedge. Therefore, after the car bottomed out,
the wedge-shaped front end forced the car sideways as it
continued to move forward., UTltimately the car traveled
along the left side of the truck, one to two feet away from
it, and stopped a short distance behind the front end of

the truck.

During impact the right front wheel of the truck rolled,
the right and left rear wheels of the truck skidded most
of the distance, and the left front and rear wheels of the
car rolled freely., The right front wheel of the car was
pinned by the front end crush,

The maximum 50 millisecond average value of longitudinal

acceleration for the passenger compartment of the car was
-8.8 G's. The comparable value of longitudinal acceleration
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in the cab of the truck-ﬁés 2.5 G's. The values of Jateral
acce]eratiqn for the car and truck respectively were 2,5 G's
and 1.6 G's.

5.2.6.2 Car Damage - 375

At a height above ground of ‘23 inches the car crushed back
34 inches on the right front, almost on a flat diagonal
plane, to a value of zero inches of crush on the left front.

The rad%ator was crushed, the windshield was broken, but

the enginé did not move rearward The right front door

was Jammed, ‘and the roof over the doorposts was crimped.

The tires were 1ntact but the front wheels were restricted

from movement. The car could not have been driven or rolied
away from thé_1mpact site.

The r1ght s1de of the dash and the heater intruded six
inches 1nto the passenger compartment; otherwise there
‘was no intrusion of vehicle parts.

5.2;6.3 Truck Damage = 375

~

None.

5.2.6.4 TMA Damage - 375

Only_thé 1eft side of the TMA was fully crushed back.
However, the right side had some crushing in all rows of
cells through the back row. This indicates that the inner
plywood diaphragms of thé TMA were stiff enough to distri-
bute some of the'impact load across the entire width of
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the TMA. Maximum permanent crush of the TMA varied from
34 inches on the left to nothing on the right. The steel
undercarriage of the TMA had a maximum crush of 30'1nches.
The steel plate backup structure for the TMA was bent
slightly on the left side due to the offset impact.

5.2.6.5 Dummy Behavior - 375

The dummy was effectively restrained by its lap and shoulder
belts. It moved forward into the shoulder belt during the |
TMA crushing stage, then moved right toward the passenger
 seat as the car skidded to the left after it had bottomed
out. There was no apparent damage to the ;teering wheel,
dash, or windshield 1ike that in some previous tests due
to dummy impacts. '

5.2,7 Test 376 Car-1890 1bs/44 mph/0° head-on
Truck-11,740 1bs/rear wheels braked/
plus TMA-1400 1bs

The summary of test data and photos of the vehicles before
and after impact are shown in Figures 23 through 26.

5.2.7.1 Impact Déscription - 376

The car struck the TMA on the truck at the intended speed
and ang1e. The car passed inside the plywood side panels

_ of the TMA and nosed underneath the top plywood panels on
the TMA. The top panel hit the windshield of the car as it
bottomed out, but the truck then rolled ahead so that the
top panels lost contact with the windshield.
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Figure 23. Data Summary Sheet - Test 376

Test Date December 6, 1979

Truck Mounted Attenuator Data

Type - ABC, Vermiculite Concrete Cells
Size 6' long x 8' wide x 2' high
Weight 1400 1bs.

Truck Data

Model Ford F750 Dumptruck

Gross Veh. Wt. Rated 25,000 Tb.,

Dump Body Capacity 4 cu. yds,

Brake Setting . Parking Br., Rear Wheels
Gear Setting 2nd Gear

Weight (w/o TMA) 11,740 1b.

Car Data

Model 1972 Datsun 1200 Coupe
Impact Velocity 44 mph

Impact Angle o°

Weight 1,890 1bs.

Dummy Type Part 572, 50th Percentile

Dummy Restraint Lap, Shoulder Belts

Impact Data

Max. 50ms. Avg. Acceleration, Accelerometers

Car, Longitudinal ' -17.99

“Truck, Longitudinal 2.89

Dummy Head, Resultant ~36.1g
Avg. Acceleration (V2/2gs)

Car, Passenger Compartment -12. 44
Max. Car Pass.Compart,Decel.Dist.,s 5.2 ft
Truck Roll Ahead Distance 3.2 ft
Max. Pitch, Car +1.0°
Max, Rise, Truck Dump Body Rea 2.6 in.
TAD/VDI Index, Car FD 5/12FDEWS

I +1.70 Sec
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Figure 24,
Test 376

Test vehicles & TMA
in position before
impact.

S1iding weight device
used to determine change
of momentum,
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Figure 25.
Test 376

Test car, truck &
TMA after impact.

Car wheels did not rise
above steel grid support
on bottom of TMA.



"

Figure 26. Test 376, Post~Impact.

Upper: Damage to winshield, dash, &
steering wheel.

Lower: Plan view of crushed TMA with
plywood cover removed.
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There was 1ittle truck movement while the car was crushing
the TMA. The car attained maximum penetration into the TMA
before the truck had traveled more than a few inches.
Ultimately the “truck moved ahead 3 ft 2 in. While the truck
moved ahead, the left rear wheel skidded and also turned
69°. The left front whée] turned freely because it wasn't
braked. Pitch‘of the car during impact was minimal, no
‘more than 1° upﬁand down;_ The car had virtually no roll

or yaw movements dur1ng 1mpact The rear end of the truck
1n1t1a11y was forced down about two inches as the car forced
down the bottom TMA frame; then the truck sprang up 2.6 inches.
The rearmost.bar on the bottom frame of the TMA had obvious
indentations whéﬁé'the front wheels of the car had tried to
push through it. This frame was the modified design used

in Test 375 and the Energy Absorption Systems' test (EAS-1}.
The car wheels never rode up on top of the frame.

The maximum 50 ﬁi]]isecoﬁd average value of longitudinal
acceleration for the passenger compartment of the car was
-17.9 G's. The comparab]e value of longitudinal acceleration
in the cab of the truck was 2.8 G's.

It was-Tntended%that'the'air brakes be actuated to lock
all the truck wheels when the car struck a tape switch
mounted'ét the rear of the truck-mounted attenuator (TMA).
However, this bfake device did not function and the air
brakes were never on. THus only the rear brakes were set
during this impact. ‘

5.2.7.2 CariDEmage - 376

'At a height above ground of 24 inches, the front of thé car
was crushed back approx1mate1y 10 1/2 inches. The front
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frame members were bent, and the radiator was crushed back
beyond the fan. The windshield was cracked. The tires
were intact, but restricted from movement so the car could
not be driven or rolled away from the impact area. There
was no intrusion of vehicle or barrier parts into the
passenger compartment.

5,2.7.3 Truck Damage - 376

None.

5.2.7.4 TMA Damage - 376

Only part of the energy absorbing capacity of the TMA was -
used up. The cell-filled box had a permanent maximum crush
of 24 inches. The steel gridwork beneath the box had a
permanent maximum crush of about 18 inches. The small
amount of debris scattered close to the impact area was
typical of previous tests., There was no damage to the

TMA controls on the truck or the TMA steel plate backup
structure,

5.2.7.5 Dummy Behavior - 376

The dummy was restrained with a lap beit but no shoulder
belt, which allowed the upper body of the dummy to crash
into the front interior surfaces of the passenger compart-
ment and crack the windshield. The seat back and head
restraint followed the dummy closely and slammed into its
back. The steering column collapsed about four inches to
the thigh area of the dummy, and the steering wheel was
broken top and bottom and deformed about five inches away
from the original plane. The dummy's head slammed into
the windshield and the dash and crushed the dash around
the area of impact. The shoulder belt was not used because
there was no connecting strap or anchor available on the
right side of the driver's seat.
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5.3 Discussionéof Test Results

5.3.1 Genéra] -~ Criteria

*In TRC No. 191,'(1) three appraisal factors are recommended
for use in judging performance of highway safety appurte-
nances. These factors can be applied to the results of the
TMA tests, although TMA;S are not specifically mentioned in
this reference. The three factors, which will be discussed
_below,'are (1) structural adequacy, (2) impact severity,
and (3) vehicle trajectory.

Tables 1 and 2 QUmmarize the data from all seven tests
in¢luding the EAS test, The test results are also compared
with those of the first four tests on the Connecticut THMA
which are thoroughly documented in Reference 4.

The film report?bn this project can be used to compare the
six tésts conducted by Caltrans,

5.3.2 Strictural Adequacy - Vehicle and TMA Damage

In Table 4 of TRC No. 191 (1) this appraisal factor is
described as follows for crash cushions in general:

"B. The test article shall not pocket or snag
the vehicle causing abrupt deceleration or
spinout or shall not cause the vehicle to
rollover. The vehicle shall remain upright
during and after impact although moderate
roll and pitching is acceptable. The
integrity of passenger compartment must be
maintained. There shall be no loose elements,
fragments, or other debris that could penetrate
the passenger compartment or present undue
hazard to other traffic."

"C. Acceptable test article performance may be

by redirection, containment, or controlled
penetration by the vehicle.
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5.3.2.1 Integrity of Car Passenger Compartment
and Damage to Car

There was no intrusion of vehicle or barrier parts into the
Passenger compartment in Tests 372-374 and 376 when the TMA
was used. In Test 375, the angle impact test, there was some
intrusion on the right front side of the passenger compartment.
In Test 371 there was no TMA on the truck and the dashboard |
and steering column of the car were pushed a short distance
into the passenger compartment. In addition, the hood barely
punched through the windshield and there was some buckling of
the floorboard. In all tests the top plywood panel of the TMA
remained above the car hood and made contact with the car
windshield. Although the windshield cracked in some tests,

it did not appear to be a threat to passengers. If the

impact speeds had been over 45 mph, however, this top panel
might have been more hazardous. Although there was no

damage to the dummy in Test 371, the other tests clearly
showed there was better protection of the passenger com-
partment with a TMA mounted on the truck. This difference
probably would be even more evident at impact speeds over

45 mph.

One measure of car damage is the amount of crush to the
front end. It is difficult to compare the vehicle crush
in different tests because different model cars were used
with different front end components, each having different
crush resistances. Even when same model cars were used,
slight differences in the vehicle kinematics could affect
the final crush profile. The method ysed to compare crush
was picked arbitrarily. Using a plan view of the car
showing the original and the final crushed profile, the
total crush area was measured and divided by the car width
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to obtain an i#éf&ge"véﬁue of crush. The values for all
tests are shown in Table 1. The crush profiles are shown
in Figure 27. The California and Connecticut values were
all quite similar, between 10.2 and 12.2 inches, for the
headon tests at 45 mph except for Test 371. 1In Test 371
where no TMA was used, the crush was 26.5 inches which
shows dramatically the usefulness of the TMA. In Test
EAS<1 the crush was 13.7 inches which may be due to the
higher 1mpact'speed'of 49 mph with a consequent increase
~in kinetic enérgy that is proportional to the square of
the velocity. Although the crush values were similar in
the 45 mph/headon jmpacts for both large and small cars,
that value of crush in a small car represents a more severe
1mpact than for a large car as is evidenced by the larger
values of dece]erat1on, Table 2. The car crush profiles
for Test 375 and Connect1cut Test 4 were almost identical;
zero crush on one side and 34 and 32 inches respectively
on the other. The crush in Test 373 was only half that
in Test 372. This is probably due to the unbraked front
truck wheels in Test 373 which allowed the truck to move
without so much force buildup at the front of the car.

The VDI (10). and TAD (11) car damage scales are given on
the Data Summary Sheets for each test. They also show that
the amount of car damaée was similar for all tests except
Test 371 where damage was much more severe.

5.3.2.2 Damage to TMA and Truck

In Tests 372 and 373 with the Targe cars, virtually all
cells in the TMA were totally crushed. In Tests 374 and
376 with the smaller cars, some of the back rows of celis
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Figure 27, TEST CAR- FRONT END CRUSH PROFILE

PLAN VIEWS

Test 371

1971 AMC Matador

Crush profile measured
@ 24" above ground

Avg. crush = 26.5"

" Test 372

1971 AMC Matador
Profile @ 24"
Avg. crush = 12.2"

Test 373

1971 AMC Matador
Profile @ 24"
Avg. crush = 6.3"

Test 374

1972 Ford Pinto
Profile @ 28"
Avg. crush = 10.9"

Test EAS-1

1972 Ford Pinto
Profile @ 20"
Avg, crush = 13.7"

Test 375

1970 Plymouth Belvedere
Profile @ 23"
Max., crush = 34"

Test 376

1972 Datsun 1200
Profile @ 24"
Avg. crush = 10.2"



were not crushed or were oﬁﬁynélight1y crushed. Hence,
the tests show that the TMA was designed close to the
ideal stiffness for Targe cars at 45 mph because all the
crush distance available in the TMA was used up, and the
deceleration was under the 12 G maximum allowable. The
TMA design was nofgidea1, however, for small cars because
not all crush distance was used and consequently the
decelerations were excessive. Softer cell and/or less
cells would be necessary to maximize the TMA performance
for small cars. In order to maximize performance for both
large and small cars, the TMA would have to be increased
in Tength, and fitted with less and/or softer cells at
the back section of the TMA to accommodate small cars.

In Test EAS-1 with a small car most of the cells were
crushed. This appears to belie the above conclusions;
.howeveér, the test speed was 49 mph which combined with a
slight difference.§n weight increased the kinetic energy
by 25% over that of the same size car in Test 374. The
deceleration was excessive in Test EAS-1 which confirms
that the cell 1ayodt was too stiff for that size car.
Penetration of the car in EAS-T also may have been increased
over that in Test 374 partly because the steel grid support
under the TMA was made more flexible. Maximum crush of
that frame went from 11 inches in Test 374 to 18 inches

in Test EAS-1. In?both tesfs the front wheels of the

car were ultimately resisted by that frame whereas the
Targer whée]s of the cars in Tests 372 and 373 rode over
the top of the fra@e. Data from the test movies show

the maximum dynamfﬁ'penetration of the cars during impact.
The penetration represents the dynamic crush of the TMA
and car front end:’
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Test No., Maximum Dynamic Penetration of Car

371 4,8 ft
372 7.3
373 6.1
374 5.1
EAS-1 6.0
375 ' N/A

376 ' 4.4

Most of this penetration occurred before the truck had moved
ahead more than a few inches,

Penetration in Test 371 was relatively less, of course,
because there was no TMA. The penetration includes the
distance the car nosed under the truck and the crush of the
car.

Penetration in Test 373 was slightly less than in Test

372. This may be explained by the fact that the truck
front wheels were not braked in Test 373. When the car
pushed up on the rear of the truck during impact, the truck
rear wheel braking was not fully effective and the truck
rolled ahead more easily.

In all tests with the TMA there was no damage'td the TMA
steel backup frame and controls with the following
exceptions. There was 1ight damage in Test 372 and the
frame bent a fraction of an inch in Test 375. .

A small steel brace was added to the truck after Test 372
at a TMA mounting location which was heipful in further
tests.



The truck had some rear end damage in Test 371 without a
TMA, but there was no truck damage in the remaining tests
when TMA's were uSed except for the one brake actuator
damaged in Test 372. Hence; for the test conditions of
this study, the truck was shielded effectively by the TMA.

Debris from the TMA was confined to a fine layer of powder
from the crushed cells deposited close to the truck and car,
small pieces of sp]intered,p1ywood from the TMA enclosure
also_landing close to the car and truck, and a number of
‘screws from the TMA box splice plates.

The debris generally would not pose a hazard to nearby
traffic - either real or psycholoical. In a severe impact
the screws possibly could scatter and cause tire damage.

5.3.2.3 Car and Truck Kinematics

There was no loss of control or stability to the truck or
car during the tests. The pitch, roll and yaw of the car
were minimal. Values of pitch and yaw are given in Table 1.
_ The TMA controlled the deceleration of the car in all tests
. even though it was not always optimal. Even in Test 375,
the offset angular impact, where it was surmised the car
might spinout, inétead jt slithered around the left side

of the truck and stopped close beside it.
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5.3.3 Impact Severity: TMA Cushioning Effectiveness

Thefguidelines for highway crash cushions in Table 4 of TRC
No. 191 (1) are as follows:

"C, For direct-on impacts of test article, where
~vehicle is decelerated to a stop and where
lateral accelerations are minimum, the pre-
. ferred max1mum vehicle acceleration average
is 6 to 8 g's and the maximum average per-
missible vehicle deceleration is 12 g as
calculated from vehicle impact speed and
passenger compartment stopping distance."

These criteria w111 be used to evaluate the TMA. It should
he noted however, that the above standard was intended for
‘60 mph impacts. In this series the: 1mpact speeds were

45 mph because of the 6 ft 0 in. ]ength 1imit on the TMA.

' 5.3.3.1 Car Dece1eration

The deceleration was computed in three ways and is tabulated
in Table 2. ‘1) The 50 ms average value from accelerometer
'data is coesidered the most accurate because it is a direct
measurement. . The accelerometer records are contained in
Appendix C. 2) Displacement data for the car was taken
from the test movies and used to compute and plot velocity
curves shown 'in Figures 28-34., The max1mum slope (the
acceleration) over.a 50 ms period was taken from the
velocity curves. Theee values Were‘generally within

about one g of the accelerometer values. The exception

was Test 371, but both. methods gave high values of -18.,5
and -21.6 g's that were well above the tolerable limits,
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Figure 28, Velocity vs Time, Vehicles in Test 371
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Figure 29, Velocity vs Time, Vehicles in Tests 371, 372, & 374
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Figure 31, Velocity vs Time, Vehicles in Tests 372, 374, and 376
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Figure 33, Velocity vs Time, Vehicles in Tests 372 and 373
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» Velocity vs Time, Vehicles in Tests 371,:372, and 375

‘Figure”Bi
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and hightight the severity of an impact when there is

no TMA protection. 3) The average deceleration was also
calculated using the car passenger compartment stopping
distance. These values were somewhat lower than the two
50 ms average values. The accelerometer values were more
conservative and are used -to evaluate the TMA performahce.

Figures 29 through 34 show velocity curves superimpoéed

to compare a variety of test parameters. Figure 28 is
included to show the amount of data scatter. Test 371,
which is shown, had the most scatter of the plotted points
of all the tests.

Figure 29 compares Tests No. 371, 372, and 374, It can be’
seen that the TMA was very helpful in reducing the decelera-
tion in Test 372, the Tlarge car test, from that in the
control test Test 371. The gains are not nearly as
impressive in Test 374 where the acceleration of -14.0 g's
is over the allowable value of -12 g's.

In Figure 30 the two Pinto tests are compared. Caltrans
took movies of Test EAS-1 but did not have accelerometers
Wounted on the test car. Tﬁerefore, the values from film
data will be used to evaluate the two tests since the data
came from.the same test equipment. The values of acceTera-
tion were over the -12 g allowable value in both tests. The
value of -17.7 g's in Test EAS-1 was higher because of the
higher impact speed of 49 mph. The decelerations from film
data indicate that the more flexible steel grid support used
under the TMA ip Test EAS-1 did not have much, if any, effect
on the deceleration, '

Y
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Figure 31 compares the large, small, and very small car
tests. They show progressively higher decelerations as
the car weight decreases.

Figure 32 compares the control test with the three “small®
car tests. These curves show the TMA provides minimal
protection for the 1890 1b car in Test 376. A 2250 1b

car traveling over 45 mphfgs in Test EAS-1 does not fare
much better. .

Figure 33 shows fhat there was little difference in
decelerations of the test cars when the truck braking
was changed from all wheels to rear wheels only.

Figure 34 was included to compare results of Test 375,
the offset angu]ér impact, with Test 371, the control
test, and Test 372, the hedd-on large car test. The
results for Tests 372 and 375 were quite similar and
weré satisfactory. |

It should be emphasized that, although the deceleration
values were computed to the closest 0.1 g, sometimes two
accelerometers mounted side by side in the car will
generate values that differ by 1 g. Therefore, when test
values are cqmpared, they should vary by approximately

2 g's or more before much significance is attached to

the differences.\

The decelerations from accé]e}ometer data taken in the
Connecticut tests were computed from small scale records
in their final report (4) and may not be extremely
accurate. They do show that the decelerations in the

84



Connecticut tests were higher than those in the comparable
Caltrans tests despite the fact the'truck wheels were not
braked in the Connecticut tests and the trucks had longer
stopping distances, This might be explained by heavier
truck plus TMA weights of 16,000 1bs in Connecticut vs
13,140 1bs in California. Differences in instrumentation

may have been a factor also.

The average decelerations based on the stopping distance
of the passenger compartment do not have much value for
comparing tests. For example in Table 2 the average
accelerations for Tests 371 and 372 were both -4,9 ¢g's,
yet by all other means of comparison, Test 371 was much
more severe.

Based on an analysis of the acceleration data, it can be
concluded that for the test conditions of this study, the
- TMA was well designed for cars weighing close to 4500 1bs.
If it is desired to favor lightweight or miniweight cars,
the TMA needs to be softened, and possibly lengthened or
attached to a lighter weight truck. Analysis of the
acceleration data also leads to the conclusion that an
impact speed of 45 mph even for heavy cars is the highest
speed the TMA can handle effectively. This is re1ated to
the six foot length of the-TMA as much as to the design
of the crushable materials inside the TMA.

Dump trucks mounted with TMA's should carry Tittle, if any,

paylioad. Added truck weight would tend to increase the
car deceleration levels. .
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5.3.3.2 Truck Acceleration

Rear end impacts ﬁot only decelerate the car, but force

the truck to accelerate répid]y. Table 2 and Figures

29 through 34 give truck cab accelerations which. vary

from a maximum of 5.0 g's in Test 371, the control test
without a TMA, down to 2.4‘g's in Test 374, the lightweight
car impact with-a TMA (based on Caltrans and accelerometer
data). These values are well below those of the car de-
celeration, The accelerometer records are contained in
Appendix C. |

Even though the accelerations are retatively low, they may
still cause whiplash or other head injuries to truck drivers
or passengers. This was evidenced in Test 374 where the
dummy head snapped back and broke the rear window in the
truck cab despite a maximum average acceleration of only

2.4 g's. Appendix F contains a discussion of whiplash

and head restraints. The Office of Equipment has embarked
on a program to develop and test head restraints that will
minimize the effects of truck accelerations in rear end

impacts.

Truck accelerations in the Connectituf tests were in the
same rahge as those in the Caltrans tests.

The Caltrans truck accelerations based on film data were
higher than those based on accelerometer data in the tests
with heavy cars, but nearly the same in the tests with the
lighter weight cars.

86



5.3.3.3 Dummy Decelerations

Accelerometers in the head of the dummy in the impacting
passenger cars measured deceleration in three directions.
The accelerometer records are reproduced in Appendix C.

' They show very high decelerations in Test 371, the control
test, where the dummy was restrained by lap and shoulder
belts, and Test 376, the 1890 1b car test, where the dummy
was restrained only by a lap belt. Accelerations were in
the -20 g or less range for Tests 372, .373 and 375,the
three heavy car tests, and were higher in Test 374, the
2140 1b car test. These records indicate that the TMA
helped to reduce dummy decelerations, and that the use

of a shoulder belt is important, particularly in light-

" weight and miniweight cars.

Another way of evaluating possible injury to passengers is
by using a "rattle space modei". Reference 12 outlines the
method which uses the record of displacement vs time from
£ilm data shown in Figure 35. A Tine with a slope repre-.
senting a 45 mph impact speed is drawn through the origin.
A pakal]e] line is drawn starting at a displacement of
-2.0 ft which represents the position of the head of a
passenger which 1is allowed to move freely for two feet
forward beforé striking the windshield or other interior
car surface. The passenger's head maintains a speed of

45 mph during impact until it strikes the windshield.

At some point this straight line representing head dis-
placement crosses the curve representing the car passenger
compartment displacement. At this time after impact, the
passenger's head occupies the same point or position as
the windshield. This time has been called the rattle-
space time. The rattlespace time can be entered on the
velocity curves to find the car velocity at that time
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“which is'SdBfractéd from the passenger head velocity of
45 mph, This change in velocity, the relative velocity
with which the passenger strikes the windshield, is then
compared against a standard value.

The rattlespace time was also obtained by observing a
s1iding weight device attached to the right side of the
car.. It is described in Appendix B, The time after

impact at which the weight had s1id two feet was determined
from film data, and could be entered in the velocity curves
as described above. The two foot distance criterion was
‘taken from Reference 1, but could be more or less depending
on the size of the car passenger compartment, driver
 position, etc.

‘Following is a table of the rattlespace times determined

by the aboyertWO.methods, and the car velccity and relative
passenger head velocity for the tests. No standard has
been established for a maximum relative head velocity in

a forward direction, but values in the range of 10-40 fps
have been proposed by other researchers in the fieid.

L
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Displacement Cufve Data Sliding Weight Data

Rattle- Refative Rattle-~ Relative
Impact space Car Head space Car Head

Test Velocity Time Velocity Velocity Time Yelocity Velocity
No.  (fps) (sec) (fps) (fps) (sec) (fps) (fps)
371 66 0.115 20 46 0.128 14 52
372 66 0.130 33 33 0.165 26 40
373 66 0.125 31 © 35 - - -
374 66 0.105 27 39 0.101 29 37
EAS-1 72%* 0.110 26 46 - - -
375 66 0.160 40 26 - - -
376 65* 0.100 18 47 0.705 15 50

*For these tests the slope of the head displacement line
had to be changed slightly to reflect a car impact
velocity different than 66 fps.

The table shows that the values of 33, 35 and 26 fps for
large car Tests 372, 373 and 375 are in the high end d¢f the
acceptable range (using displacement curve data). In all
the other tests the relative head velocities nearly equal
or exceed the maximum value of 40 fps. The relative head
velocities based on sliding weight data are slightly
higher but similar. Although there is no established
standard for maximum relative head velocity, it is clear
that this data reinforced other data in the report: the
TMA is near the upper limit of its capacity in handling
 heavy cars traveling 45 mph, and presents a severe environ-
ment for impacting light weight cars. '

5.3.4 Vehicle Trajectory: Truck Roll Ahead
and Car Position

GuideTines from Table 4 of TRC No. 191 (1) are as follows:

“"A. After impact, the vehicle trajectory and
final stopping position shall intrude a
minimum distance into adjacent traffic
Tanes.
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The accompanying ﬁéxtha150 states,

"A subjective appraisal shall be made by the
_test engineer as to the trajectory hazard,
based on vehicle exit speed and angle, maximum
intrusion into a traffic lane or lanes during
trajectory, and post crash controllability."

5.3.4.1 Truck Roll Ahead

One of the key objectives of this study was to determine
truck roll ahead. Table 1 gives the roll ahead distances
for both the car and truck in all tests. For both front
and rear truck wheels braked, the maximum truck roll ahead
was 7.9 feet causeq by impact from the heavy car in Test
372. Roll ahead was more in Test 373 when the front truck
wﬁee]s were not braked, and in the Connecticut tests where
no wheels were braked. Roll ahead was also more in Test
371 where no TMA was used because the impacted mass was less.
Figure 35 shows the disp]aéément vs time during impact of
- the car and truck for all tests based on film data.

The truck roll ahééd (or stopping) distances in Tests 371,
372; and 374 agreed quite well with theoretical values
assuming a.coefficient of friction between truck tires and
pavement of 0.7 and assuminé the truck wheel brakes were
all locked. Curves of theoretical values of truck stopping
~distances for variods weights and speeds of cars, various
truck weights, and coefficients of friction of 0.7, 0.6

and 0.5 are shown in Figures 36-38.

i
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Figure 35, Disp1a¢ement vs Time, Vehicles, A1l Tests
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Truck Stopping Distance, Coefficient of Friction
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= 0.5

Coefficient of Friction

Figure 38

Truck Stopping Dis‘tance,
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The formulas used were as follows:

NT+C:=

T+C

K.E.T+C

weight of truck (plus TMA if one is attached
to truck), 1bs

weighthof car, l1bs

weight of truck plus car (plus TMA}, T1bs
speed of car just before impact, fps
speed of car and truck after impact, fps

kinetic energy of car and truck after impact,
ft-1bs

coefficieht of friction between truck tires
and pavement

stopping distance of truck, ft.
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I't is assumed herg that éfférlinpact, the car and truck
are both trave]1ng at a speed of VT+C’ and they are both
stopped by the frictional force between the truck tires
and pavement. Other factors would have some effect on

d.- such as frictional forces on the car tires, roadway

T
- slope, etc.

The curves do serve as a rough guide if it is desired to
park a truck a safe distance back of workers or some
specific bbject. 'Dependjng on the coefficient of friction,
the truck stopping distance for impacts by a 4500 1b car
traveling 60 mph varies from 24 to 34 feet. It would be
less for smaller cars and lower speeds. A safe working
distance would be more than 34 feet. Unfortunately, if
workers were 40 to 50 feet ahead of a truck, they then
would be vulnerable to errant vehicles that angle across
the roadway in frqht of the truck. Also, even this dis-
tance would be inadequate jf the truck and TMA were struck
from behind by a heavy véhche or bus which might weigh
ten to fifteen times as much as a 4500 1b car. It should
be emphas1zed that the TMA does not have any effect on
truck stopp1ng d1stance other than reducing it slightly

by adding mass to the truck mass which affects the change
of momentum formulas.

The roll ahead truck distance was somewhat larger in the
Connecticut testsjbecause the truck wheels were not braked
in their tests. Their trucks were all in second gear,
however, the same as for the Caltrans tests.



5.3.4.2 Truck Wheel Sliding and Rolling

In 311 tests the rear truck wheels were braked. During
impact they s1id and rotated. Rear whee] maximum rota-
tion was taken from the test movies as follows:

Test No, Truck Rear Wheel Rotation
. 371 : 88°

372 110°

373 298°

374 : 43°

EAS-1 47°

375 31°

376 ‘ . 69°

In several tests only one of the rear wheels could be seen
clearly to determine rotation. The front wheels also dis-
played a combination of rotating and 'sTiding except in
Test 373 where the unbraked front wheels rolled the entire
distance. Reap wheel rotation was extra high in Test 373,
presumab]y.because.ro]]-ahead distance was the greatest

in this test, |

5.3.4.3 Effect on_Adjacent Traffic '

In al1 tests except Test 375 the car and truck traveled 3
short distance in a straight Tine. The car stayed directly
behind the truck, Therefore, the effect on adjacent traffic
would have been minimal, Even in Test 375, the offset
angular impact, the car stayed as close to the truck as
could be expected.
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APPENDIX A: Test Vehicfe Equipment and Guidance Methods

* Two 12-volt wet cell Tead acid motorcycle-type batteries
were mounted in the tfunk to supply power for the test
equipment in the car.

* The test vehicle gas tank was disconnected from the

fuel supply line and drained. In Tests 371-373 and 375 the
tank was filled with water to add weight to the car and
eliminate the fire hazard. In Tests 374 and 376, extra
weight was not needed, so dry ice was placed in the empty
tank to inhibit combustion. A one-gallon safety gas tank
was installed in the trunk compartment and connected to

the fuel supply line,

* The accelerator pedal was linked to a smail cylinder
with a piston which opened the throttle. The piston was
activated by a manually thrown switch mounted on the top
of the rear fender of the test vehicle. The piston was
connected to the same 002 tube used for the brake system,
but a separate regulator was used to control the pressure.
The car was placed in second gear for the run in.

. A speed control device connected between the negative
side of the coil and the battery of the vehicle regulated
the speed of the test vehicle based on speedometer cable
output. This device was calibrated prior to the test

by conducting a series of trial runs through a speed trap
composed of two tapeswitches set a known distance apart
connected to a digital timer.

100



* A cab]é‘guidancé system was used to direct the vehicle

into the barrier. The guidance cable, anchored at each
end of the vehicle path to a threaded coupler embedded

in a concrete footing, passed through a guide bracket
bolted to the spindle of the right front wheel of the
vehicle, A steel knockoff bracket, &nchoring the end

of the cable closest to the barrier to a concrete footing,
projected high enough to knock off the guide bracket,
‘thereby releasing the vehicle from the guidance cable
prior to impact. '

* A micro switch was mountéd below the front bumper and
connected to the ignition system. A trip plate placed on
the ground near impact triggered the switch when the car
passed over it. This opened the ignition circuit, cut
the vehicle engine prior to impact, and released the
stiding weight from‘an electro-magnet so the weight was
free to travel slightly before the instant of impact.

®* A solenojd-valve actuated'C02 system was used for remote
braking after .impact or for emergency braking any other
‘time. Part of this system was a cylinder with a piston,
which was attached to the brake pedal. The pressure used
to operate the piston was regulated according to the test
vehicle's weight, to stop the test vehicle without locking
up the wheéls,

* The remote brakes were controlled at the console trailer
by using an intrumentation cable connected between the
vehicle and the electronic instrumentation trailer, and a
cable from that trailer to the console trailer. Any loss

of continuity in these cables caused an automatic activation
of the brakes and ignition cutoff. Remote activation of

the brakes also would turn off the ignition.
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APPENDIX B: Photo-Instrumentation

Data film was obtained by using five high speed Photo-
Sonics Model 16 mm-1B cameras, 200-400 frames per second
(fps), and four high speed Redlake Locam cameras, 400 fps.
These cameras were located around the impact area as shown
in Figure B1. These cameras were electrically actuated
from a central control console located adjacent to the
impact area, except for three which had their own battery
power and were turned on by three separate operators.

A1l high speed cameras were equipped with timing 1ight
generators which exposed reddish timing pips on the film

at a rate of 1000 per second. The pips were used to deter-
mine camera'frémé rates and to establish time-sequence
relationships. Data from the high-speed movies was reduced
on a Vanguard Analyzer. '

Camera 7 used in Test 374 was aimed at the dummy in the
truck to view the motion of the head as it snapped back
after impact.

Some procedures used to facilitate data reduction for the
test are listed as follows:

1. Butterfly tafgets were attached to ihe test car, truck
and TMA, Figures B2 and B3 show the target location
dimensions.

2. Flashbulbs, mounted on the test vehicle, were elec-
tronically flashed to establish (a) initial vehicle/
barrier contact (b) application of the vehicle's brakes
and (c) beginning and end of sliding weight travel. The
impact flashbulbs have a delay of several milliseconds
before lighting up.
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Figure Bi , CAMERA AND TAPESWITCH LAYOUT
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CAMERA DATA .

Coord, . ’ Speed
No. {ft) Type Lens (Frames/ Mounting
X ¥ sec)
i 82 1 ‘Redlake Locam 16émm 50mm 4C0u Tripod
2 96 3 Redlake tocam 16mm 25mm 400  Tripod
3 100 4 Redlake tocam 16mm 38nm 400 Tripod-Pan
4 100 4 Bolex 16mm 18mm 24 Tripad-Pan
5 115 15 Hulcher 70mm 150mm 20  Tripod
6 115 15 "Hulcher 35mm 105mm 20 Tripod
7 -82 - 6 ‘Photo-Sonics 16mm-18 13mm 350  Tripod
B8 - 76 - 2 Redlake tocam 16mm '50mm 400  Tripod
9 -.27 192  Photo-Somics 16mm-1B 4 in. 200  Tripod
0 108 g -Videotape - - Tripod
1 ¢ -11 - Photo-Sonics 16mm-18 1 3mm 400 Tower
12 © 0 - 11 . Photo-Sonics 16mm-1B 13mm 400 Tower
13 o - 11 “Photo-$onics 16mm-18 13mm 400 Tower
NOTES: ;

The cameras were atfthe same locations for all tests except as noted.
Test 371: Camera 7, x = -94; Cgperas 11, 12, and 13 - not used.

i S

Test 374: Camera 7, x = 50, y = 45; Camera 8, x = =90,

——

Jest 375: Camera 73 X = 96, y = -29.

e

The videotape camera was not used for all tests. The camera spegds
given are approximate. Exact speeds for the cameras were determined
for each test during data reduction.
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FIGUREB2, TEST CAR TARGETING AND DIMENSIONIONS
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Figure B3, TRUCK TARGETING AND DIMENSIONS
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3. Five tape switches, placed at ten foot intervals,
were attached to the ground perpendicular to the path of
the impacting vehicle beginning about five feet from
impact, Flashbulbs were activated sequentially when the
tires of the test vehicle rolled over the tape switches.
The flashbulb stand was placed in view of most of the

data cameras or made visible to the tower camefas through
the use of mirrors., The flashing bulbs were used to cor-
relate the cameras with the impact events and to calculate
the impact speed independent of the e1éctfonic speed trap.

Additional coverage of the impacts was obtained by a 70 mm
Hulcher sequence camera and a 35 mm Hulcher sequence camera
(both operating at 20 frames per second). Documentary
coverage of the tests consisted of normal speed movies and
still photographs taken before, during and after the impact.

Figure 24 shows the sliding weight device used to determine
the rattlespace time as defined in Section 5.3.3.3. The
weight contains ball bearings which roll along a smooth
rod. The weight is held in place on the Teft end of the
rod by an é1ectronmagnet before jmpact. The front bumper
switch on the car which cuts the ignition about two feet
before impact also cuts off the current to the electro-
magnet. The weight is then free to slide forward for a
two foot distance on the rod after impact. The time it
takes for the weight to travel two feet (rattlespace time)
is determined from the high'spéed movie film. Flash bulbs
mounted on the device are activated when the weight begins
to move and also when it reaches the end of its travel.
The flashbulbs are more visible to distant data cameras
than the sliding weight.
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APPENDIX .C: Electronic Instrumentation and Data

Table C1 gives the locations of the accelerometers in the
test cars and trucks. Three Endevo Model 2262-200 piezo-
resistive accelerometers were mounted in the head of the
dummy. Statham unbonded strain gage type accelerometers
were mounted on steel angle brackets which were welded to
"the floor of the cars and trucks. Those in the car were
close to the center of gravity in the horizontal plane;
those in the truck were on the left edge of the cab where
they received solid support from the truck frame. The
accelerometers in the truck are shown in Figure Cl1. The
dummy accelerometers were mounted inside the head cavity.

Data from all transducers in the test vehicle were trans-
mitted through a 1000 foot Belden #8776 umbilical cable
connecting the vehicle to a 14-channel Hewlett Packard
3924C magnetic tape recording system. This recording
system was mounted in an instrumentation trailer located
in the test control area. '

Three tape switches, activated by the weight of the car,
were spaced 12 ft apart on the ground near the TMA,.
Closure of these switches made an event biip on the
accelerometer data tape and helped to isolate the time

of impact. A tape switch on the front bumper of the car
closed at the instant of impact and activated flash buibs
mounted on the car. The closure of the bumher switch also
put a blip on the event channel of the data tape to show
the time of impact. Two other tape switches were placed
12 ft apart near the TMA and were attached to digital
readout equipment to give an instant value of impact
speed from the test car.
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TABLE C1, ACCELEROMETER DATA"

Date 1 Accel,

Channel Test Serial: Range
No. No. NOo. __ {g's) Location Orientation

1 371 586 50 Car Long.
1 372,373 589 50 Car Vert.
1 374,376 590 100 Car Vert.
1 375 589 50 Car Lat.
2 371 : 589 50 Car Lona.
2 372-4,376 591 100 Car Long.
2 375 590 100 Car Vert.
3 371 .- DG66 200 Truck Long.
3 372-4,376; 1029 100 Car Long.
3 375 ~ 59] 100 Car Long.
4 - 371 ANO2 200 Truck Long.
4 372-4,376 °  DG66 200 Truck Long.
4 375 1029 . 100 Car Long.
5 374 ANO2 - 200 Truck Long.
5 375 DG66 200 Truck Long.
5 376  AN92 200  Truck Lat.
6 375 © AN92 200 Truck Lat.
7 371 L EW21 200 Dummy Long.
7 372-6  EW69 200 Dummy Lat.
8 371 . EW46 200 Dummy Vert.
8 372-6 EW21 200 Dummy Long.
9 371 EW69 200 Dummy Lat.
9

372-6 EWAb 200 Dummy Vert.

Note: Long. = Longitudina1 (parallel to long axis of vehicle),
Lat. = Lateral (perpendicular to long axis of vehicle).
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Figure CT,.

Accelerometer mount bracket
in truck cab.
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After the test%the tape“?ecorder data was played back
through a Visi¢order which produced an oscillographic
trace (1ine) on paper for each channel of the tape re-
corder. Each paper record contained a curve of data
representing qhe accelerometer, signals from the three
event marker tape switches and bumper impact tape switch,
and time cycle markings.

Some of the accelerometer data records contained high
frequency spikes. This data was fittered at 100 Hertz
and 12 db with a Krohn-Hite filter to facilitate data
réduction. The smoother resultant curves give a good
representation of the overall acceleration of the vehicle
without significantly altering the amplitude and time
‘values of the acceleration pulses.

Accelerometer fecords from the car, truck, and dummy are
shown in Figures C2-C13. The cross hatched areas on the
accelerometer fecords show the time interval when the
highest 50 ms.faverage values of acceleration occurred.

110



ACCELERATION, G's .

Figure C2, CAR AND TRUCK ACCELERATION VS TIME
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Figure C3,” DUMMY ACCELERATION VS TIME
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ACCELERATION, G's

Flgure C4,CAR AND TRUCK ACCELERATION VS TIME
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Figure C5,CAR AND DUMMY ACCELERATION VS TIME
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Figuré C6,CAR AND TRUCK ACCELERATION VS TIME
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ACCELERATION, G's

Figure C7, CAR AND DUMMY ACCELERATION VS TIME
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ACCELERATION, G's

Figure C8,CAR AND TRUCK ACCELERATION VS TIME
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Figure C9, CAR AND DUMMY ACCELERATION VS TIME
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Figure CIO,CAR AND TRUCK ACCELERATION V3 TIME
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FigureCl3, CAR AND DUMMY ACCELERATION VS TIME
~ TEST 376 -
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APPENﬁIX D: Truck Mounted Attenuator Plans and Details

Figures D1 through DB are the engineering drawings for the
Caltrans supplied hardware used to mount a TMA on a dump
" truck. These were the contract drawings finalized after
all crash tests were completed and used to purchase the

hardware.

The Caltrans Office of Equipment will assemble this hard-
ware and useé it to mount 80 operational TMA's that were
purchased recently.
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Figure blI,

TMA Attachment Hardware bDetails
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APPENDIX E: Accident Experience

Rear End Accidents Involving Caltrans Shadow Vehicles

Detailed data was tabulated on all impacts into Caltrans
shadow vehicles in 1978. The data was taken from accident
records, with added data from the districts, and compiled
by the Departmental Safety Branch in the Caltrans Division
of Administrative Services. Table E.1 condenses some of
that information for all rear end impacts. The purpose

of the condensed table is to show typical impact speeds,
size of State and private vehicles, whether or not the
Caltrans vehicle was parked, vehicle damage, and number

of 1njuryuaccidents. That data is analyzed in Table E.2.

It can be concluded from the data in Table E.2 that we

can expect State trucks equipped with TMA's to be impacted
not only by passenger cars traveling under 45 mph, but also
by cars traveling faster and by heavy vehicles. Therefore,
in a certain percentage of impacts the capacity of the TMA
will be exceeded. Nevertheless, even in these more severe
impacts, the TMA should provide some reduction in the car
acce]eration.as compared with the case of a truck without

a TMA. The data also show that three-fourths of the Caltrans
vehicles that were impacted were parked.

Rear End Accidents Invoiving Caltrans Trucks Mounted With TMA's

As of March 1980 the Office of Equipment reported that
four TMA's had been in service 1 1/2 years and seven TMA's
had been in service 1/2-1 years. Only three accidents

132
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TABLE £.2 Analysis of Rear End Accident Pata

General
No. of rear end impacts’
No of other types of impacts
Total no. of impacts in to shadow vehicles

Private Vehicle (Striking Vehicle) ~ Rear End Impacts

Vehicle Size

No. of heavy vehicles {(large trucks)
No. of lighter vehicles

Vans 4
Station wagons 4
Pickups, panel trucks 4
Passenger cars 20

Vehicle Speed

No. of impacts at 45 mph or more
No. of impacts under 45 mph
No. 'of impacts where speed was unknown

Impact Severity

*No, of fatal accidents

*No. of injury accidents

*No. of accidents where injury and damage to
- private vehicle were "none" or "unknown"

*No, of PDO accidents '

State Vehicle (Struck Vehicle) - Rear End Impacts

Vehicle Size

No., of 1/2 and 3/4 ton trucks
No. of dump trucks
Other trucks and vehicles

Operator Exposure

No. of parked state vehicles - occupied
No. of parked state vehicles - unoccupied
No, of moving state vehicles - occupied

Impact Severity
**No, of fatal accidents
**No, of injury accidents
**No., of PDO accidents
**No. of accidents where injury and damage to
state vehicle were "none" or "unknown"

*Refers only to private vehicles and their passengers
**Refers only to state vehicles and their passengers
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involving the THA's had been reported. One
brush hit, and one was extremely severe due
a large truck at high speed. In the Tatter
TMA was obviously of no benefit. The third

was a minor
to impact by
accident the
accident was

moderate in severity, but no_detai1s were available.
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APPENDIX Fr Head Restraints and Whiplash

The Office of Equipment became interested in the problems
of whiplash to Caltrans truck drivers in this project.
They have embarked on a program to design head restraints
that will minimize the effects of whipiash caused by rear-
end impacts. This is part of an overall program to
improve the safety of Caltrans personne]iworking on or
near highways. The problem of whiplash was highlighted
in Test 374 when the head of a dummy in the truck cab
snapped back and broke the rear window. The use of head
restraints would complement the use of TMA's to improve
the safety of Caltrans truck operators.

At the request of the O0ffice of Equipment, the researchers
reviewed several technical papers on head restraints and
whiplash. They are listed at the end of this appendix. ‘
It was concluded from the review that the analysis of the
problem and the solutions to it were complex and somewhat
elusive for the following reasons:

1. The human anatomy of the head and neck is extremely
complex and impossible to duplicate exactly with dummies,
primates, or computer programs, Human volunteers can be
used only at low impact speeds, Testing by the use of any
of the above methods is very expensive and time-consuming,
even for a small number of tests.

2. It is very difficult, time-consuming, and expensive
to do good accident studies on the effectiveness of head
restraints. Police accident reports do not provide the
necessary data; hence, researchers must do much Tegwork.
The probliem is compounded by the fact that the Symptoms
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of whip]&Sh sbmetiﬁés do not appear until days, weeks,
or even months after the accident. Furthermore, the
symptoms are often not measurable or discreet 1ike a
broken Timb. 1In addition, it is difficult to estimate
the impact speed and other impact conditions such as
seating position or posture after the accident has
occurred, | |

3. ‘There is a gréht variation in injury propensity
governed by the sex, age, weight, physical condition,
amount of muscle tensing at impact, height, etc. of
vehicle passengers ﬁs well as all the vehicle variables
such as seat strength, rear end crushability, car body
Stiffness, relative size andfspeed of the two impacting
vehicles, passenger compartment shape and size, and so
on.

Neverthe1ess, the papers treéted the subject in depth.
- Following are some facts and opinions gleaned from the
references which were helpful in assessing the problem:

1. Accident study figures Qary but rear-end accidents
make up roughly 20-30% of all vehicle accidents. 1In
California, nearly 20% of a11rfreeway fatal accidents are
rear-end accidents.“ This rate is high enough to cause
~concern about the effects df,gll rear-end accidents.

2. Injury rates also vary depending on the study, but

it appears that 20-30% of rear-end accidents result in
injury. A large percentage of these injuries are neck
injuries (whiplash). Furthermore, many of these studies
are based on po1ice'reports which only contain injuries
reported within 24 hours of the accident. Since whiplash
injuries often develop later; the reported injury rates

may be low. This Targe inci@ence of whiplash-type injuries

is also cause for concern.
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3. _Whiplash is a nonspecific, nonmedical term that refers,
in general, to the severe backward movement and/or rotation
of the head and neck. 1In rear-end accidents, even at
relatively Tow speeds, the head may rotate back more than
90° with respect to the'torso. Some of the symptoms of
whiplash-type injuries include dizziness, hearing Tloss,
visual disturbances including focusing difficulties, eye
pain, and a number of other visual defects, abnormal EEG's,
concussion, muscie tearing, hemorrhages of the esophagus,
brain, thyroid gland and neck, separation of the interverte-
bral disc from adjacent vertebra, pain in the neck, head and
shoulders, etc. Some of these symptoms are slow to disappear.
Whiplash injuries are rare in head-on and side-impact
accidents, probably because the head is blocked from
excessive movement by the chest and shoulders respectively.
However, there is no body "block" to limit the hyperexten-
sion (backward rotation) of the head and neck in rear-end
accidents. Hence, the head restraint is neceséary to
counteract that type of head movement.

4, Researchers at UCLA concluded from full scale crash
tests that seat backs should be 28 inches high minimum.

5. The distance or offset of the head from a seat back
or head restraint does not appear to be critical, but it
is preferable to have the head as close as poss1b1e to the
restraints at the moment of impact.

6. Federal Motor Vehicle Safety Standard 202 made head
restraints mandatory equipment for passenger cars sold in
the United States after December 31, 1968.
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7. Surveys show that head .restraints, most of which were
adjustable initially, were in the down position in up to

70% of .cars which decreased their effectiveness, particularly
for tall people. (The California Highway Patrol installs
screw clamps on the. head restraints in newly purchased

patro] cars to keep the restraints in the up position, )

8{ Seat and head restraint stiffnesses should be similar
so that the torso and head move back and spring forward at
the same rate dur1ng rear- -end accidents. It appears that
a well-padded, nony1e1d1ng seat back and head rest may be
the preferable design. Controlled yielding of the seat
framework is difficult to design properly for a range of
impact cond1t1ons, it may allow a passenger who rotates
‘back with the seat to raise up and allow the head to
hyperextend over the seat back or head restraint; it may
impinge on rear seat passengers, etc. Some head and chest
injuries have been reported due to rear passenger contact
with head restraints during head-on impacts.

9. Human volunteers subjected to rearward acceleration
in sled tests experienced neck and back pain lasting
several days after decelerations of -9.6 G's but not after
-6.8 G's. Duration of the acceleration pulse at these G
levels was not given.

10. Other studies gave head and neck tolerances in terms
of moments and forces which could not be measured in the
Ca]trans crash tests. Some researchers concluded neck
extension should be Timited to 60-80° to avo1d injury.

11. The tests by UCLA involved two‘identica] sized Ford
cars. There was considerable sheet metal crush in the
rear ends which "softened"” the impact for passengers in
the front car. One of the papers describes an impact in
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. which the front vehicle had a rigid trailer hitch attached

at the rear. This increased the accelerations felt by the

passengers. Similarly, a truck with a rigid frame and body

would transmit a larger force to the truck driver ‘than if
the rear end of the truck was crushable sheet metal.

12. Dummies do not appear to provide a very accurate way
of simulating human necks, although the general motions of
‘the dummy have been useful in evaluating full scale test
results.

13. 1In the City of Rochester study, it was concluded that
head restraints reduced the frequency of whiplash by 14%.
The researchers conclude that this figure could have been
much higher had users adjusted their head restraints
properly and had the restraints been better designed.

14. Head restraints, properly designed and positioned,
appear to be.very effective in preventing whiplash injuries
in retatively high speed impacts.

15. Some testing has been done on depioyable head restraints.
Inf]atab1e'bag type restraints looked the most prqmising.

Reference 11 has a 1ist of 92 references and does an excel-
lent job-of summarizing all that literature in addition to
reporting results of the author's own study on the effective-
ness of head restraints.

Reference 5 describes in considerable detail a series of
rear end impacts of passenger cars traveling 55 mph con-
ducted at UCLA. Dummies were placed in all seating posi-
tions, various seat and head restraint designs were studied,
and extensive data was obtained. Reference 15 is the
Federal Motor Vehicle Safety Standard for testing head
restraints required in passenger cars.
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